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TEANSLATOR'S    PREFACE, 


The  purpose  of  this  book  is  so  clearly  stated  by  the 
author  in  his  Preface  that  it  is  scarcely  necessary  for 
the  translator  to  make  further  reference  to  the  subject. 

That  vast  difference  of  opinion  should  exist  regarding 
new  methods  of  treatment  is  perhaps  not  to  be  wondered 
at,  when  we  consider  how  short-lived  many  of  the  most 
vaunted  methods  prove  to  be  in  the  light  of  practical 
experience.'  Although,  obviously,  a  book  of  this  kind 
must  contain  an  account  of  a  considerable  number  of 
methods  which  in  the  near  future  will  be  more  or  less 
apt  to  be  replaced  and  superseded  by  others,  yet  the 
author  has  rendered  accessible  to  the  reader  of  this 
work  a  large  number  of  modes  of  treatment  which  will 
prove  of  permanent  value.  The  success  with  which 
Dr.  Laumonier's  book  has  met  since  its  first  publication 
in  1903  has  made  a  second  edition  necessary,  which  has 
been  the  basis  of  the  present  English  edition. 

In  presenting  this  excellent  work  on  modern  thera- 
peutics to  English  readers,  the  translator  has  endeavoured, 
while  closely  following  the  original  plan  and  subject-matter 
of  the  French  edition,  to  bring  the  text  into  line  with  the 
English  style  and  method. 

H.  W.  Syers. 

75,  WiMPOLE  Street,  W. 
Ait  (J  lid,  1901. 
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The  number  of  new  remedies  which  are  almost 
daily  being  introduced  renders  it  extremely  difficult 
for  the  practitioner  to  make  a  selection  amongst 
them.  Wrapped  up  in  his  daily  routine  work,  he 
has  no  leisure  to  read  the  criticisms  published  in  the 
technical  and  medical  journals  concerning  experimental 
observations  and  results.  Sometimes,  in  response  to  the 
request  of  his  patient,  who  is  often  better  acquainted 
with  the  latest  fashion  in  therapeutics  than  is  frequently 
supposed,  he  finds  himself  constrained  to  employ  such 
and  such  a  drug  or  such  and  such  a  method  without 
always  satisfactorily  realising  the  special  suitability  of 
or  the  exact  indication  for  the  treatment  of  which  he 
is  urged  to  make  trial.  Hence  it  happens  that  remedies 
which  may  be  very  valuable  when  appropriately 
employed  give  but  unsatisfactory  results,  and  hence 
the  unmerited  disfavour  with  which  these  remedies 
are  afterwards  regarded. 

As  a  matter  of  fact,  in  order  to  render  more  easy  the 
work  of  the  practitioner,  it  has  been  of  late  the  custom 
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to  publish  formularies  of  the  newer  remedies,  and  of 
these  some  are  excellent.  But  these  formularies,  although 
they  particularl}^  aim  at  being  comprehensive,  as  a  matter 
of  fact,  except  as  regards  that  of  Dr.  Bardet,  do  not 
generally  distinguish  between  those  remedies  which  are 
more  or  less  worthless  and  those  which  have  a  real 
value.  Further,  as  they  aim  at  being  short  and  succinct, 
they  reduce  to  mere  incomplete  notes  everything  which 
relates  to  physiological  action  and  to  the  therapeutic 
indications  which  arise  therefrom  ;  yet  these  points  are 
of  paramount  importance  for  the  serious  determination 
of  the  choice  of  medical  treatment.  Lastly,  the  greater 
number  of  these  formularies  of  necessity  systematically 
pass  by  those  methods  of  treatment  which  are  not  purely 
pharmacodynamic,  and  hence  it  is  necessary  to  refer 
to  large  works  or  to  special  treatises. 

My  publisher,  M.  Alcan,  considering  that  as  regards 
this  matter  a  gap  existed  in  medical  literature,  has 
courteously  invited  me  to  fill  it.  Although  I  have  used 
my  best  endeavours  I  am  unable  to  flatter  myself,  when 
I  take  into  consideration  the  difficulty  of  the  task,  that 
I  have  completely  succeeded.  Be  this  as  it  may,  in 
writing  this  book  I  have  endeavoured  to  furnish  medical 
men,  and  those  who  are  interested  in  the  subject  of 
therapeutics,  wdth  definite  and  complete,  and  at  the 
same  time  short  and  clear,  information  concerning  the 
new  drugs  and  methods  of  treatment  whose  worth  has 
been  established  and  which  are  sufficiently  well  known 
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to  be  described  in  a  definite  and  practical  manner.  Thus 
I  have  not  noticed  methods  which  are  well  recognised  or 
classical,  or  those  which  are  known  to  be  imperfect  or 
which  have  been  too  recently  introduced  to  have  given 
sufficiently  convincing  proofs  of  their  value.  But  that 
which  chiefly  distinguishes  this  book  from  the  formu- 
laries of  which  I  have  spoken  above  is  the  summary 
account  of  pathological  physiology  and  pathogeny  which 
I  have  placed  at  the  beginning  of  each  chapter,  so  that 
the  mechanism  of  therapeutic  action  may  be  deduced  from 
the  knowledge  of  the  functional  alterations  which  give 
rise  to  the  disease.  I  trust  that  this  innovation  will  be 
appreciated  by  my  readers. 

Several  articles  alread};^  published  in  the  medical 
transactions  and  journals,  more  especially  in  the  Bulletin 
general  de  therapeutiqae,  and  the  Noiiveaux  Remedes,  in 
the  Gazette  des  hopitaux,  the  Gazette  hebdomadaire  de 
medeciue  et  de  cJiirurgie,  the  Progres  medical,  &c.,  will  be 
found  in  this  volume,  but  without  those  technical  details, 
references,  and  observations  which  would  have  needlessly 
increased  the  size  of  this  small  work. 

J.  L. 

October,  1902. 


FROM  THE  AUTHOR'S  PREFACE  TO  THE 
SECOND  EDITION,  OCTOBER,  1903. 


The  time  which  has  elapsed  between  the  appearance 
of  this  book  and  its  second  edition  has  not  been  sufficient 
to  permit  of  numerous  modifications.  Not  that  the  output 
of  new  remedies  has  become  less  large,  but  that,  owing 
to  the  shortness  of  the  interval,  no  striking  discovery 
has  been  effected,  and  sanctioned  by  experience,  in  the 
domain  of  therapeutics.  Hence,  here  will  merely  be  found 
in  addition  some  articles  devoted  to  adrenalin,  to  sali- 
cylate of  methyl,  to  uhnarene,  to  quinoformine,  to  collargol 
and  to  the  colloid  metals  which  have  lately  been  much 
discussed.  The  study  of  these  colloid  metals,  if  it  be 
followed  up  and  the  results  prove  to  be  such  as  are  hoped 
for,  will  allow  of  the  development  of  a  new  subject  rela- 
tive to  the  therapeutic  action  of  certain  ferments  recently 
experimented  on,  namely,  oxydases,  reductases,  and  kinases. 
The  remarkable  properties  of  these  ferments  may  perhaps 
be  attributed  to  the  traces  of  radio-active  substances  which 
they  contain.  Here  will  probably  be  found  a  new  and 
fruitful  therapeutic  field,  but  as  yet  it  would  be  premature 
to  undertake  action  therein,  as  definite  and  harmonious 
results  are  so  far  lacking. 
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NUTEITIVE  ALTERANTS. 

1.  Disorders  of  Nutrition, 

Assimilation,  or  the  sum  of  those  intra-ceUular  pheno- 
mena by  which  certam  materials  derived  from  the 
external  world  are  transformed  into  plastic  substances 
identical  with  those  which  the  cell  previously  contained, 
is  the  essential  and  fundamental  factor  of  nutrition. 

All  other  factors  are  merely  preliminary  and  prepara- 
tory operations,  being  intended  to  bring  into  contact  with 
each  other  the  plastic  materials  and  the  substances  which 
are  capable  of  reacting  directly  upon  them,  or  of  furnish- 
ing by  oxidation  the  amount  of  energy  which  is  necessary 
for  the  performance  of  organic  synthesis. 

In  unicellular  beings  these  preparatory  operations  are 
reduced  to  a  minimum ;  this  is  by  no  means  the  case  in 
the  higher  vertebrata  and  in  man,  in  whom  the  physio- 
logical division  of  labour  has  led  to  a  specialisation  of 
apparatus  whose  duty  it  is  to  perform  each  of  them. 
These  special  functions,  although  altogether  preparatory, 
are  not  on  this  account  the  less  necessary  for  assimila- 
tion, since,  if  one  of  them  is  disordered  or  abolished,  the 
synthesis  of  assimilation  becomes  difficult  or  impossible 

m.t.  b 
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of  performance,  or  else  is  only  effected  at  the  expense  of 
materials  already  elaborated,  in  which  case  wasting  must 
obviously  occur,  as  also  organic  decay  and  consequent 
diminution  of  physical  resistance.  It  is  this,  apart  from 
the  fact  of  their  accessibility  to  observation,  which 
explains  the  great  importance  always  attached  to  the 
healthy  performance  of  these  preparatory  functions  by 
physiologists  and  physicians. 

These  preparatory  functions  may  be  classified  as 
follows : — 

1.  Digestion,  which  converts  by  resolution  and  hydro- 
lysis colloid  alimentary  materials  into  dialysable  sub- 
stances. These  changes  are  effected  under  the  influence 
of  soluble  ferments  which  are  secreted  by  the  glands  of 
the  alimentary  canal ;  they  are  thus  subordinated  to  the 
healthy  functional  activity  of  these  glands. 

2.  Absorption,  by  which  the  assimilable  matters  thus 
produced  pass  through  the  intestinal  wall,  not  merely  as 
the  result  of  physical  forces,  but  also  in  consequence  of  the 
vital  activity  of  the  mucous  membrane  and,  at  all  events  so 
far  as  concerns  fatty  emulsions,  of  the  activity  of  leucocytes 
and  phagocytes.  Hence  this  function  must  depend  upon 
the  integrity  of  the  digestive  mucous  membrane. 

3.  Unless  the  dialysable  substances  to  be  absorbed 
undergo  a  partial  (or  incomplete)  dehydration,  they 
would  be  liable  once  again  to  diffusion  in  the  intestinal 
cavity  according  to  their  degree  of  concentration  in  the 
internal  medium.  This  dehydration  takes  place  under 
the  influence  of  certain  little  understood  ferments,  or  of 
vital  activity  itself ;  in  the  first  instance  in  the  structures 
included  in  the  mucous  membrane,  and  finally  in  the 
lymphatic  glands  and  the  liver.  This  process  results  in 
the  formation  of  the  chyle,  lymph  and  blood  plasma ;  and 
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without  the  necessity  of  any  specialised  apparatus  for  its 
performance,  this  function  yet  implies  a  healthy  condition 
of  the  numerous  cells  which  must  take  part  in  its  discharge. 

4.  Circulation,  which  carries  all  the  transformed  and 
partially  elaborated  materials,  as  also  the  liberated 
nutritive  reserves,  to  the  different  organs.  Circulation 
is  subordinated  not  only  to  the  condition  of  the  motor 
organ  and  of  the  conducting  structures,  but  also  to  the 
nervous  influences  which  regulate  and  apportion,  through 
vaso-constriction  or  vaso-dilatation,  the  supply  of  blood. 

5.  Finally  respiration,  which  does  not  take  part  in 
assimilation  itself,  but  which  presides  over  the  conditions 
which  allow  of  its  performance,  by  supplying  oxygen 
and  consequently  the  force  which  is  necessary  for  the 
due  execution  of  the  organic  syntheses.  Eespiration 
is  dependent  upon  the  state  of  the  lungs,  the  richness 
of  the  blood  in  h£emoglobin  and  the  integrity  of  the 
respiratory  centre. 

Such  are  the  functions  by  which  assimilation  is  effected, 
by  means  of  a  liquid,  lymph,  which  escapes  from  the 
blood  through  the  walls  of  the  blood  vessels,  which 
bathes  all  the  anatomical  elements  and  from  which 
each  one  of  these  draws  those  materials  which  are 
necessary  for  its  maintenance  and  growth.  This  syn- 
thetic process  is  thus  really  subordinated,  on  the  one 
hand  to  the  composition  of  the  nutritive  fluid,  and  on  the 
other  to  the  physiological  and  anatomical  integrity  of  the 
cell ;  that  is  to  say,  its  successful  performance  depends 
upon  the  presence  of  all  those  plastic  materials  and 
formed  elements  which  the  study  of  merotomy  has 
proved  to  be  indispensable  in  order  that  the  phenomena 
of  assimilation  may  be  allowed  free  play. 

Other    conditions,   however,   are    necessary    for    the 
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effective  exercise  of  the  assimilative  functions,  so  that  a 
series  of  derived  and  secondary  functions  has  been  estab- 
Hshed,  whose  importance,  as  will  be  seen  immediately, 
is  by  no  means  less  marked. 

As  a  matter  of  fact,  assimilation  does  not  imply  the 
indiscriminate  absorption  of  all  the  materials  which  are 
accessible ;  only  certain  definite  chemical  combinations 
of  the  molecular  structure  of  nutritive  matters  are  made 
use  of,  the  remainder  being  rejected.  These  accessory 
products  of  assimilation  are  partly  soluble,  partly 
insoluble.  The  latter  are  deposited  in  the  locality  in 
which  they  take  their  origin,  and  are  represented  by 
keratin,  chondrin,  ossein,  cartilaginin,  elastin,  &c.,  all  of 
which  are  employed  in  building  up  that  tissue  which 
unites  the  anatomical  elements  of  structures  and  forms 
the  supporting  material  of  the  tissues  and  organs  generally 
— the  skeleton,  in  fact.  These  materials  may  ultimately 
become  infiltrated  with  mineral  matters  (ossification  of 
cartilage,  for  instance),  and  the  accumulation  of  such 
substances,  consecutive  to  prolonged  or  intense  functional 
activity,  gives  rise  to  the  phenomena  of  old  age.^ 

The  accessory  soluble  matters,  conjointly  with  the 
results  of  fermentative  decomposition,  of  complete  or 
incomplete  oxidations,  of  the  destruction  and  degenera- 
tion of  tissues  which  are  in  a  state  of  functional  repose, 
represent  the  waste  products  of  functional  activity. 
These  waste  materials,  when  too  abundant  in  the  intra- 
cellular connective  tissue,  cause  in  the  first  instance  a 
failure,  and  finally  a  complete  cessation,  of  vital  activity  ; 
hence  when  the  accumulation  of  these  matters  is  confined 

1  Cf.  Le  Dantec,  "  Theorie  nouvelle  de  la  vie"  (Paris:  F.  Alcan, 
1896).  J.  Laumonier,  "  Physiologie  generale,"  Chap,  ix.,  pp.  412 
tt  se(2' 
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to  a  single  organ,  local  fatigue  results;  when  this  collec- 
tion of  products  of  retrogade  metamorphosis  loads  and 
occupies  the  interior  tissues,  general  debility,  followed 
by  sleepiness,  ensues.  For  this  reason  these  waste  pro- 
ducts are  sometimes  described  as  fonogenes,  following  the 
terminology  of  W.  Preyer. 

Hence  it  follows  that  these  ponogenes  must  be  elimi- 
nated. This  elimination  is  normally  effected  by  the 
emunctory  organs  (lungs,  kidneys,  skin,  &c.),  because, 
thanks  to  their  power  of  dialysis,  the  ponogenes  pass 
from  the  intercellular  tissue  where  their  quantity  is  un- 
duly elevated  into  the  blood  where  it  is  considerably  less, 
and  thence,  partly  owing  to  the  difference  of  tension  of 
the  external  medium  (CO^H^O),  partly  also  through  the 
activity  of  certain  anatomical  elements  (those  of  the 
kidney,  for  example),  into  the  external  medium.  But 
lirst  of  all  certain  organs,  the  liver  especially,  deal  with 
the  waste  matters  in  order  to  modify  them  and  thus  to 
render  their  elimination  more  easy  by  increasing  their 
solubility.  Thus  it  follows  that  if  the  function  of  the 
liver  is  altered,  if  the  kidneys  are  no  longer  permeable 
and  the  lungs  cease  to  exercise  depuratory  functions,  the 
waste  materials  must  accumulate,  and  in  doing  so  must 
give  rise  to  general  intoxication,  to  auto-intoxication, 
which  may  lead  to  fatal  results.  Hence  it  follows  that 
the  healthy  discharge  of  their  duties,  on  the  part  of  the 
emunctories,  is  as  essential  for  the  normal  performance 
of  the  functions  of  assimilation  as  is  the  proper  dis- 
charge of  their  duties  by  the  organs  which  perform  these 
preparatory  assimilative  functions. 

This  short  account  of  the  complex  mechanism  which 
subserves  nutrition  will  render  it  clear  that,  leaving  out 
of    account   the   alterations   which    may   occur    in   the 
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functions  of  the  emiinctories,  to  which  it  will  be  necessary 
to  return  later,  the  causes  of  nutritive  disturbance  may 
be  grouped  in  two  main  divisions — (1)  the  deficiency, 
the  absence,  the  excess  and  the  unsuitability  of  alimen- 
tary materials ;  (2)  the  disturbance  which  may  affect  the 
earlier  and  preparatory  nutritive  functions. 

1.  Want  of  food  causes  inanition,  which  is  in  reality  a 
consumption  of  the  bodily  tissues  of  more  or  less  pro- 
longed duration,  according  to  the  quantity  of  the  nutritive 
reserves  and  according  to  the  supply  or  withholding  of 
water,  which  dilutes  and  eliminates  waste  products  and 
retards  the  toxic  effects  of  autoconsumption  of  the  bodily 
tissues.  When  there  is  merely  an  insufficiency  of  food, 
physiological  wasting  ensues,  and  this,  by  diminishing 
the  vital  resistance  and  the  protective  or  antitoxic  powers 
of  the  bodily  juices,  renders  the  organism  more  sus- 
ceptible to  infections,  such  as  those  of  typhoid  fever, 
tuberculosis,  &c.  But  it  must  not  be  forgotten  that 
inanition  may  also  be  due,  not  to  want  or  scarcity  of 
food,  but  to  organic  disease,  such  as  stenosis  of  the 
pylorus,  of  the  oesophagus,  &c.  Then,  together  with 
anaemia,  anasarca,  heart  and  brain  disease,  pulmonary 
gangrene,  blood  infections,  tuberculosis,  &c.,  may  be 
present. 

When  food  is  accidentally  given  in  excess,  purely 
mechanical  or  toxic  troubles  (indigestion)  ensue,  but 
these  are  of  quite  temporary  duration.  When  this  over- 
repletion  is  persistent,  then  these  disturbances  become 
chronic,  and  ultimately  cause  such  alterations  in  the 
mode  in  which  the  assimilative  organs  discharge  their 
functions  that  the  alimentary  materials  ingested  can  no 
longer  be  properly  transformed  and  elaborated.  Then 
will  ensue   such  maladies  as  glycosuria  of  alimentary 
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origin,  due  to  the  excessive  consumption  of  hydrocarbons ; 
uricaemia,  gout  and  arthritis  in  all  their  protean  mani- 
festations, the  latter  maladies  being  specially  liable  to 
supervene  when  an  excess  of  nitrogenous  food  is  taken 
in  the  form  of  meat,  game,  &c. 

But  an  unsuitable  diet  may  lead  to  still  graver  troubles, 
to  more  rapidly  developed  and  acute  maladies,  for  in 
these  cases  the  aliments  are  incapable  of  being  assimi- 
lated ;  they  are  unsuited  both  to  the  condition  of  the 
digestive  organs  and  for  the  nutrition  of  the  body ;  hence 
the  results  of  insufficiency  of  diet  are  added  to  those  due 
to  intoxication.  For  example,  the  wasting  of  young  babies 
is  due  not  merely  to  the  blood  poisoning  which  results 
from  the  ingestion  of  materials  which  the  infant  is  wholly 
incapable  of  absorbing,  but  also  to  the  fact  that  the  supply 
of  assimilable  materials  is  insufficient. 

The  condition  is  the  same  in  sausage  poisoning,  scor- 
butus, in  intoxication,  the  result  of  the  prolonged  use  of 
preserved  foods,  and  when  damaged  or  infected  aliments 
are  made  use  of.  Nutritive  disorders  may  also  be  induced 
by  non-edible  matters — for  example,  by  alcohol  and 
phosphorus,  which  give  rise  to  obesity  and  to  fatty 
degeneration,  or  by  lead,  which  induces  attacks  of  gout 
by  modifying  the  metabolism  of  the  nitrogenous  prin- 
ciples. Loss  of  flesh,  again,  may  be  caused  by  the 
employment  of  morphia  or  of  the  iodides,  as  also  by 
microbic  toxins,  as  occurs  in  severe  infections. 

All  these  fundamental  derangements  of  nutrition  take 
their  origin  and  are  conditioned  by  one  and  the  same 
mechanism.  The  ultimate  element  of  the  tissues,  the 
cell,  ceases  to  assimilate,  it  may  be  because  the  sur- 
rounding medium  is  wanting  as  regards  the  elements 
which   are    indispensable   for  the  performance  of    its 
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assimilative  function,  or  perhaps  because  noxious  prin- 
ciples are  present  in  this  medium.  The  cell  having  ceased 
to  assimilate,  and  consequently  having  lost  its  functional 
activity,  it  passes  into  a  condition  of  repose  and  is  de- 
stroyed with  greater  or  lesser  rapidity  according  as  it 
does  or  does  not  form  with  the  toxic  matters  of  the 
surrounding  medium  stable  combinations.  If  this  con- 
dition continues  it  is  possible  that  a  morbid  temperament 
or  diathesis  may  be  established,  which  varies  with  age, 
heredity  and  sex,  leading  sometimes  to  rickets,  sometimes 
to  osteomalacia,  or  to  fatty  osteoporosis;  or  again,  scrofula, 
gout,  or  lymphatic  disease  may  result. 

Further,  the  assimilative  functions  may  undergo  impor- 
tant physiological  modifications.  These  functions,  which 
are  very  active  during  the  period  of  growth  and  continue 
in  a  state  of  functional  vigour  in  adult  life,  begin  to  decay 
with  the  onset  of  old  age — that  is  to  say,  at  the  period 
in  which  the  tissues  tend  to  become  sclerosed  under  the 
influence  of  the  accumulation  of  insoluble  waste  products, 
the  result  of  organic  synthesis.  On  the  other  hand,  the 
same  functions  are,  or  may  be,  upset  by  the  appearance 
of  adolescence,  in  the  course  of  evolution  of  which  new 
organs  take  an  active  function.  These  are  the  repro- 
ductive organs  whose  secretion  exerts  a  marked  influence 
on  the  general  co-ordination  of  function  and  initiates  a 
new  balance  of  power,  the  changes  being  manifested  by 
the  striking  bodily  alteration  which  occurs  at  this  period 
of  life.  Pregnancy  and  lactation,  too,  exert  an  influence 
on  the  functions  of  assimilation,  for  both  involve  a 
disturbance  of  nutrition  similar  to  that  excited  by  the 
presence  of  parasites  or  of  new  growths.  And  the  influ- 
ence of  the  menopause  in  causing  similar  disturbances 
must  not  be  left  out  of  account.     The  period  at  which 
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menstruation  ceases  is  generally  marked  by  symptoms 
pointing  to  a  disorder  of  co-ordination,  and  by  efforts  on 
the  part  of  the  organism  to  establish  a  new  state  of 
equilibrium. 

2.  These  different  defects  of  nutrition  due  to  want, 
insufficiency,  or  excess  of  food,  inapjpropriate  nature  of 
aliments,  intoxication,  heredity,  tendency  to  assimilative 
troubles,  or  physiological  abnormalities  are  certainly  the 
most  common  causes — apart  from  the  action  of  direct 
pathogenic  influences,  traumatism,  caustics,  &c. — of 
secondary  disorders,  that  is  to  say,  of  those  which  affect 
the  functions  which  are  preparatory  to  the  assimilative 
process  and  the  organs  by  which  these  functions  are 
discharged.  Gastric  and  intestinal  dyspepsia,  gastro- 
enteritis, renal  and  hepatic  lithiasis,  alimentary  albu- 
minuria, diabetes,  chlorosis,  dermatoses,  cirrhosis, 
nephritis,  peptonuria  &c.,  all  take  their  origin  from 
one  of  the  primitive  derangements  of  assimilation  just 
enumerated  which  affect  certain  definite  organs,  a 
derangement  which  may  finally  induce  a  lesion  and 
which,  by  disorganising  an  essential  preparatory  func- 
tion, may  lead  to  a  general  disorder  of  nutrition. 

Yet  another  factor  which  frequently  takes  part  in  the 
morbid  process  is  the  action  of  the  nervous  system. 
Formerly  it  was  thought  that  the  nutrition  of  certain 
organs  was  under  the  control  of  trophic  nerves.  As  a 
matter  of  fact,  there  are  no  trophic  nerves,  but  every 
neuron,  by  the  nervous  force  which  it  transmits,  acts  on 
functional  activity,  and  hence  upon  the  assimilation  of 
the  anatomical  elements  with  which  it  is  connected. 
According  to  the  nature  and  intensity  of  the  excita- 
tion thus  transmitted,  the  functional  and  assimilative 
reaction  naturally  varies. 
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The  effect  of  emotion,  such  as  grief  or  joy,  and  of  pro- 
longed anxiety,  of  cerebral  overstrain,  on  assimilation  is 
well  known  ;  on  the  other  hand,  the  beneficial  influence 
of  an  equable  temper  and  a  quiet  easy  life  is  very  obvious. 

In  the  neuroses  this  action  is  again  manifest ;  thus  in 
paralysis  agitans,  in  certain  forms  of  neurasthenia  and 
in  acute  mania  the  assimilative  functions  are  often  over- 
active, while  in  hysteria  they  may  be  almost  in  abeyance, 
as  in  the  case  of  hysterical  women,  who  refuse  every 
kind  of  nutriment  and  yet  do  not  markedly  waste.  The 
great  diminution  in  the  quantity  of  urea  eliminated — 
it  may  fall  to  4,  2,  or  even  1  grm.  per  diem — and  the 
inversion  in  the  elimination  of  phosphates  which  occurs 
after  the  hysterical  attack  both  tend  to  indicate,  and  the 
elimination  renders  manifest,  that  nutrition  is  profoundly 
modified.^ 

In  connection  with  these  several  functional  altera- 
tions, and  leaving  on  one  side  those  which  relate  more 
especially  to  the  mineralisation  of  the  plasma,  to  oxida- 
tions, to  the  elimination  of  waste  products,  &c.,  all  of  which 
will  be  considered  later,  there  are  two  sorts  of  modifying 
agents.  The  one  relates  more  particularly  to  the  cell, 
and  supplies  it  under  a  directly  utilisable  form  with  the 
elements  necessary  for  its  organic  synthesis,  in  this  way 
economising  the  work  of  those  organs  which  are  adapted 
to  the  discharge  of  the  preparatory  functions,  and  thus 
permitting  their  assistance  to  be  dispensed  with  without 
the  nutrition  suffering  in  any  way ;  the  other  modifying 
factor  is  concerned  with  the  accessory  functions,  which 
by  it  are  either  stimulated  or  depressed,  and  in  this  way 


1  Of.  Boiicliard,  "Traite  de  pathologie  generale,"  t.  iii.,  "  Ee- 
actions  nerveuseg," 


DISOEDEES   OF   NUTEITION.  11 

assimilation  is  kept  within  its  normal  bomids.  We 
proceed  to  briefly  consider  the  physiological  and  thera- 
peutic properties  of  these  new  modifying  elements  of 
metabolism  which  are  comprised  in  these  two  categories. 

2.  Soluble  Albumins. 

Long  before  Berthelot  had  humorously  spoken  of  the 
tablets  of  nitrogen  which  human  beings  would  in  the 
future  assimilate  instead  of  the  cutlets  and  beefsteaks 
which  are  at  present  in  use,  the  possibility  had  been 
considered  of  preparing  products  richer  than  natural 
aliments  in  nutritive  principles,  and  which  would  be 
suitable  for  the  needs  of  invalids  and  convalescents,  as 
well  as  for  soldiers  and  sailors.  The  first  and  most 
popular  of  these  preparations  were  concentrated  soups 
and  extracts  of  meat,  which  are,  indeed,  very  far 
from  being  useless,  and  which  have  maintained  their 
position  as  valuable  resources  in  practical  cookery — if 
not  in  practical  therapeutics — on  account  of  their  agree- 
able flavour  and  their  eupeptic  power.  But  inasmuch 
as  the  different  alimentary  products  of  this  kind  cannot  be 
regarded  as  true  and  genuine  foods,  and  thus  are  want- 
ing in  essential  factors,  the  attempt  has  been  made  to 
produce  condensed  preparations  of  albumin,  in  the  form 
either  of  powdered  meat  or  of  blood,  which  are  certainly 
rich  and  nutritious,  but  which  are  unpleasant  as  regards 
taste,  and  are  often  intolerable  except  to  very  strong 
stomachs.  These  productions  are  often  original — they 
are  the  result  of  scientific  combinations  which  the 
Germans  and  Americans  are  particularly  clever  in  elabo- 
rating, being  as  they  are  strong  believers  in  artificial 
alimentation.     The  same  end  is  also  attained  to  some 
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extent  by  the  use  of  preparations  of  natural  materials 
which  have  been  artificially  digested.  It  is  these  latter 
alone  that  we  shall  here  consider. 

Under  the  influence  of  the  soluble  ferments  of  the 
stomach  and  pancreas  (pepsin,  trypsin)  the  albuminous 
matters  contained  in  the  food,  being  colloid,  coaguable, 
and  directly  unassimilable,  are  transformed  into  soluble 
substances  which  are  incoaguable,  dialysable,  and  as- 
similable, namely,  into  ^^e^^to^i^s,  which  appear  to  be, 
chemically  considered,  neither  more  nor  less  than  the 
polymerised  molecule  of  albumin  isolated  by  hydration. 
These  peptones  give  the  ordinary  colour  tests  of  albumins, 
but  they  are  not  precipitated  by  the  mineral  acids,  or 
more  particularly  by  nitric  acid  ;  further,  when  injected 
into  veins,  they  manifest  certain  toxic  properties,  not 
escaping  by  the  urine,  but  rendering  the  blood  incoaguable 
and  lowering  the  blood  pressure. 

However,  in  the  fermentative  disintegration  of 
albuminoids,  several  transitory  products  are  developed 
which  fill  up  the  gaps,  as  it  were,  between  albumin  at 
one  end  of  the  scale  and  peptone  at  the  other.  These 
unstable  products  are  :  (1)  Syntonin  or  acid  albumin 
precipitated  by  alkalies ;  (2)  iwoteoses  or  alhumoses 
which  include  propeptone  of  Schmidt-Mulheim,  and 
which  are  divided  into  proto-albumose,  deutero-albumose, 
hetero-albumose,  and  dys-albumose — these  products  are 
generally  soluble  in  water,  but  are  precipitated  by 
sulphate  of  ammonium ;  and  (3)  the  true  peptones,  the 
result  of  disintegration  of  albumoses.  At  the  same  time 
leucin,  tyrosin,  and  toxalbumins,  whose  properties  are 
but  little  understood,  also  appear. 

To  each  type  of  albuminoid  a  special  peptone  naturally 
corresponds;     thus   it   follows   that   there   are   albumin 
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peptone,  myosin  peptone,  fibrin  peptone,  casein  peptone, 
&c.,  all  of  which  substances  are  possessed  of  very 
similar  properties,  and  which  differ  only  in  the  extent  of 
their  rotatory  po\Yer.  These  peptones  are  white,  amor- 
phous, odourless,  but  possessing  a  sour  and  bitter  taste, 
especially  when  they  are  impure ;  they  are  distinctly 
hygrometric  and  easily  diaiysable,  but  less  so  than 
saline  matters,  so  that  they  may  be  purified  by  dialysis. 
They  are  insoluble  in  ether  and  chloroform,  and  very 
slightly  soluble  in  cold  absolute  alcohol;  they  dissolve 
freely  in  water,  furnishing  a  feebly  acid  liquid  which  is 
omewhat  sticky,  and  which,  when  warm,  filters  readily, 
tending  to  froth  freely. 

The  successive  disintegrations  which  albuminous 
matters  undergo  in  the  course  of  natural  or  artificial 
digestion  furnish  a  general  method  for  determining 
the  quantity  of  the  transitional  forms  of  each  (syntonin, 
albumose,  peptone)  in  a  given  digestive  solution,  whether 
natural  or  artificial.  The  following  method  is  at  once 
simple  and  practical: — (1)  The  liquid  obtained  by  treat- 
ing, for  example,  meat  from  which  the  bone  and  fat  have 
been  removed  with  acid  pepsin  at  +  40°  C.  for  four  to  five 
hours  is  boiled,  in  order  that  the  undissolved  albumin 
may  be  coagulated  ;  it  is  then  filtered.  (2)  The  filtrate 
is  neutralised,  the  syntonin  being  precipitated,  and  once 
again  the  liquid  is  filtered.  (3)  The  clear  liquid  is  now 
treated  with  sulphate  of  ammonium,  by  which  the 
albumoses  are  precipitated.  (4)  Finally,  after  again 
filtering,  pure  peptone  alone  remains  in  solution. 

Physiologically  and  chemically,  albumoses  and  pep- 
tones may  be  obtained :  by  the  action  of  pepsin  in  acid 
solution  and  of  trypsin  in  alkaline  solution ;  by  the 
action   of  vegetable    peptonising   ferments,    and    more 
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especially  by  that  of  papain  obtained  from  the  Carica 
Papaya  and  of  the  agave  juice  ;  by  the  action  of  pep- 
tonising  ferments  secreted  by  some  bacteria  and  other 
micro-organisms ;  by  the  action  of  certain  mineral 
matters,  chloride  of  sodium,  fluoride  of  sodium,  and 
certain  dilute  acids;  finally,  by  the  action  of  steam 
under  pressure  at  +100°  C,  and  particularly  at  +120° 
C,  this  latter  transformation  being  encouraged  by  the 
presence  of  traces  of  hydrochloric  acid. 

These  different  processes  have  all  (with  the  exception 
of  that  involving  the  use  of  saline  mineral  matters)  been 
employed  on  the  commercial  scale  for  the  preparation  of 
peptones  and  albumoses. 

Albumoses  and  peptones  are  made  use  of  for  feeding 
the  sick,  more  especially  in  cases  in  which  the  secreting 
action  of  the  digestive  viscera  is  disturbed,  unduly  slow 
in  the  performance  of  its  functions,  or  altogether  absent. 
The  same  method  of  alimentation  is  employed  in  con- 
valescence and  for  children  who  are  growing  rapidly,  as 
also  for  old  people.  The  nutritious  matters  may  be 
given  either  by  the  rectum  or  by  the  mouth.  Further, 
peptones  and  albumoses  are  consumed  in  constantly 
increasing  quantity,  as  their  manufacture  becomes  more 
perfect  and  is  effected  on  a  larger  scale  ;  obviously  this 
manufacture  is  greatest  in  those  cattle-breeding  countries 
where  the  price  of  beef  is  very  low.  This  increased  use 
of  artificially  digestive  alimentary  materials  is  due  to  the 
ease  with  which  they  are  absorbed  and  assimilated,  and 
also  to  the  fact,  confirmed  by  the  researches  of  Plosz,  de 
Maly,  Adamkiewicz,  Munk,  Deiters,  Pollitzer,  A.  Gautier, 
&c.,  that  these  materials  perform  the  same  nutritive 
office  as  does  the  albumin  of  ordinary  aliments.  But 
although  formerly  peptones  were  chiefly  made  use  of,  at 
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the  present  time  the  preference  is  given  to  albumoses, 
and  this  for  several  reasons. 

In  the  first  place  the  peptones  formerly  employed 
were  bitter  and  offensive  to  the  taste,  rendering  it 
necessary  to  disguise  them  by  means  of  a  pleasant 
vehicle.  Secondly,  certain  varieties  which,  having  a  less 
disagreeable  taste,  are  on  that  account  preferred,  yet 
contain  gelatine  chiefly,  together  with  extractive  matters 
and  a  little  albumose,  being,  in  fact,  merely  extracts  of 
meat.  Finally,  those  varieties  whose  action  is  most 
trustworthy  in  the  therapeutic  sense,  such  as  good 
French  commercial  peptones,  contain  a  proportion 
of  albumose  which  is  equal,  if  not  superior,  to  that 
of  the  peptone.  Ordinary  peptones  are  almost  always 
impure,  and  contain  the  toxic  products  which  make 
their  appearance  at  the  end  of  the  process  by  which 
fermentative  disintegration  of  the  albumins  takes 
place. 

The  albumoses  are  free  from  these  serious  defects. 
On  account  of  the  fact  that  they  are  not  liable  to 
undergo  the  process  of  total  disintegration,  they  do  not 
contain  toxic  products,  they  have  no  disagreeable  odour 
or  taste;  they  are  absorbed  more  easily  than  the 
commercial  peptone,  and  they  usually  contain  sulphur, 
a  necessary  aliment,  while  the  pure  peptones  are  free 
from  this  admixture.  Further,  comparative  observa- 
tions made  by  means  of  artificial  alimentation  with 
peptones  and  albumoses  have  shown  the  incontestable 
superiority  of  the  latter.  The  only  drawback  to  the  use 
of  these  matters  is  that  they  occasionally  cause,  but 
to  a  lesser  extent  than  the  commercial  peptones,  some 
gastro-intestinal  disturbance,  especially  diarrhoea.  It 
should  be  added  that  powdered  meat,  and  above  all  the 
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powder  of  broiled  meat,  is  ten  times  more  easily  absorbed, 
as  is  proved  by  the  experiments  of  Ellinger,  than  the 
albumoses  and  similar  products. 

It  is,  however,  right  to  add  that  the  larger  number 
of  preparations  known  as  ])eptones  contain,  especially 
at  the  present  time,  albumoses ;  so  that  the  albumoses 
of  commerce  possess  no  real  superiority  'as  regards 
these  products.  Somatose  is  a  yellow,  slightly  granular 
powder,  soluble  in  water,  without  appreciable  smell  or 
taste,  and  contains,  according  to  Goldman,  78  per  cent, 
of  true  albumose  and  only  2  to  4  per  cent,  hi  peptone. 

This  preparation  is  of  value  in  cases  ot-dgrspepsia  due  to 
functional  weakness,  in  anaemia  with  anorexia,  in  fevers, 
especially  typhoid  fever,  in  tuberculosis  and  in  hysteria 
and  syphilis  during  the  stage  of  w^asting.  In  chlorosis 
the  administration  of  somatose  causes  the  disappearance 
of  menstrual  irregularities,  of  headache,  of  giddiness, 
&c.  Finally,  it  acts  as  an  efficient  galactogogue.  When 
given  to  w^et  nurses  w^hose  milk  supply  is  scanty  or  in 
whom  lactation  is  not  normally  performed,  it  increases 
or  renews  the  flow  of  milk,  w^hether  this  action  be  due, 
as  Drews  believes,  to  its  exciting  the  secretion  of  the 
glandular  structure,  or  whether  it  is  the  result,  as 
Joachim  maintains,  of  an  improvement  of  the  general 
nutrition  brought  about  by  the  remedy.  Further,  it 
has  been  proved  that  somatose  increases  the  number 
of  the  red  blood  corpuscles,  and  hence  also  the  per- 
centage of  haemoglobin.  In  the  case  of  infants  at  the 
period  of  weaning,  and  in  wasted  children,  this  albumose 
gives  good  results,  and  is  also  always  w^ell  tolerated  on 
account  of  its  tastelessness. 

Somatose  is  given  in  quantities  of  15  to  30  grammes 
IKV  diem  in  adults,  children  taking  from  3  to  10  grammes. 
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It  may  be  administered  in  milk,  soup,  cocoa,  &c.,  and  it 
can  be  combined  with  other  albuminoids  which  are  easy 
of  digestion,  especially  with  milk,  eggs,  &c. 

Similar  to   somatose   are  a  certain   number   of   new 

products  also  containing  albumoses.     Such  are  alcarnose, 

of   a  brownish   colour   and  viscous   consistence,    which 

is  inodourless,  of  sweet  taste,  soluble  in  ten   times   its 

volume    of    warm    water,    soup,    or   coffee,    and   which 

contains  23  per  cent,  of   albumose.      It   is  well  borne 

by    invalids    and    appears    to    be    easily    assimilable. 

Globone  is  prepared,  according  to  the  method  of  Lilien- 

feld,  by  decomposition  of  the  paranucleines,  both  animal 

and  vegetable ;  it  is  a  yellowish  powder,  without  smell 

or   taste,   insoluble   in   water,   but   soluble   in   alcohol, 

especially  when  in  the  presence  of  a  small  quantity  of 

organic  acid ;  it  seems  to  contain  a  considerable  quantity 

of  albumose.     According  to  Tittel,  it  dissolves  completely 

and  rapidly  in  artificial  gastric  juice,  and  is  useful  as  a 

dietetic  adjunct  in  severe  general  disease,  and  also  te 

children.     It  is  given  in  doses  of  1  to  3  teaspoonfuls  in 

soup,  milk,  coffee,  wine,  &c.  (Merck). 

3.  Organic  Matters  Containing  Phosphorus. 

Among  the  matters  which  participate  in  the  synthesis  of 
assimilation  and  in  the  general  metabolism,  phosphorus 
would  appear  to  occupy  the  first  place.  This  idea  is  not 
of  old  standing,  and  the  agriculturists  were  the  first  to 
bring  it  forward.  Boussingart  especially  has  arrived  at 
the  interesting  conclusion  that  it  is  possible  to  determine 
the  statistics  of  nutrition  by  estimating  the  value  of  the 
nitrogen  and  phosphorus  eliminated.  On  the  other  hand, 
the  researches  of  Miescher,  Kossel,  and  of  Altmann,  and 

m.t.  c 
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later  those  of  Danilewski,  have  demonstrated  that  the 
most  active  tissues  are  those  which  are  the  richest  in 
phosphorus,  and  that  in  the  cell  itself  the  chromatins 
and  the  nucleins  regulate,  so  to  say,  the  mitosis  and  all 
the  phenomena  of  functional  activity.  Some  authors^ 
have  endeavoured  to  explain  the  organic  synthesis  carried 
out  by  the  cell  nucleus  through  the  properties  possessed 
by  phosphoric  acid,  in  the  manner  suggested  by  Haacke, 
and  they  have  regarded  the  phosphorised  albumins  as 
the  only  absolutely  essential  ingredient  of  the  ration 
which  is  required  for  the  effective  performance  of  the 
functions  of  growth  and  regeneration  (for  example,  casein 
of  milk  in  the  case  of  young  children),  and  as  the  centre 
around  which  are  carried  out  the  several  metabolic 
changes  of  the  organism.  The  reflex  of  this  conception 
is  obvious  in  the  constantly  growing  importance  attached 
in  urine  examination  to  the  phosphoric  acidity,  and  to 
the  relation  of  the  phosphates  to  the  nitrogen  of  the 
discarded  living  materials. 

The  phosphated  and  phosphorised  preparations  have 
been  long  made  use  of  in  medicine,  but  the  discoveries  and 
ideas  to  which  we  have  just  briefly  referred  have  naturally 
led  to  a  marked  extension  of  the  compass  of  this  medi- 
cation, and  have  modified  its  nature  and  increased  the 
number  of  means  at  its  command.  When  Brown- Sequard 
propounded  the  method  of  special  injections  (testicular 
juice),  the  tonic  and  the  restorative  effects  of  this  treat- 
ment appeared,  in  spite  of  the  differences  of  opinion 
which  it  aroused,  to  be  attributable  to  histo-chemical 
combinations  of  phosphorus  which  are  so  numerous  in 
the  nucleus  of  the  spermatozoa,  and  hence  Crocq,  junior, 

1  Cf.  J.  Laumonier,  "  Phjsiologie  generale,"  pp.  312  et  seq. 
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of  Brussels,  thouglit  it  feasible  to  replace  these  injections 
by  those  of  standardised  solutions  (2  per  cent.)  of  phos- 
phate of  soda  in  cherry  laurel  water,  assuming  that  the 
phosphates  are  the  only  essential  constituent  in  this  form 
of  medication. 

But  at  this  period  it  was  well  known  that  lecithin,  a 
phosphorised  and  nitrogenous  fat,  is  abundant  in  yolk 
of  egg  and  in  the  nervous  structures,  and  from  April, 
1894,  Professor  A.  Piobin  has  strongly  recommended 
the  glycerophosphates  for  the  purpose  of  improv- 
ing general  nutrition  by  the  intermediation  of  the 
nervous  system,  inasmuch  as  these  salts  contain  glycero- 
phosphoric  acid,  which  also  enters  into  the  composition 
of  lecithin. 

In  spite  of  the  very  satisfactory  results  yielded  by  the 
use  of  the  glycerophosphates,  and  more  especially  of  the 
acid  glycerophosphates,  certain  authorities  give  the  pre- 
ference to  those  natural  physiological  products  which  are 
rich  in  phosphorus,  in  order  to  strengthen  the  assimila- 
tive functions  and  to  give  tone  to  the  nervous  system. 
The  utilisation  of  these  products  by  the  organism  should 
obviously  be  more  easily  effected  and  more  perfect  than 
that  of  the  artificial  preparations,  since  the  tendency  is 
to  definitely  admit  that  the  cells  of  the  tissues  are  far 
more  ready  to  make  use,  for  their  syntheses,  of  materials 
offered  to  them  when  these  latter,  by  their  constitution 
and  origin,  resemble  those  of  the  living  protoplasm 
and  nucleus.  This  is  one  of  the  considerations  which 
explain  and  justify  zomotherapy.  Hence  it  is  that 
lecithin,  praised  by  Danilewski,  has  been  employed 
either  in  the  pure  state  or  in  the  form  of  hiiile  cVoeuf, 
or,  on  the  other  hand,  the  nucleins,  both  animal  and 
vegetable,  whose  fixative  value  has  been  proved,  in  the 
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first  instance  by  Bnnge,  and  afterwards  by  Horbaczewsld. 
We  pass  on  to  the  examination  of  these  different 
substances,  treating  both  of  their  physiological  value 
and  of  their  therapeutic  uses. 

A.  Lecithins, 

The  lecithins  are,  as  just  stated,  phosphorised  and 
nitrogenous  fats  formed  by  the  union  of  glycerophos- 
phoric  acid,  of  fatty  acid,  and  of  an  ammoniated  base, 
choline.  Strecker  looks  upon  lecithin  as  being  an  oleo- 
margaroglycerophosphate  of  choline,  but  the  researches 
of  Hundeshagen  and  Gilson  have  not  confirmed  this 
view,  and  the  theory  of  Diakonow  seems  to  be  prefer- 
able that  lecithin  is  an  ethereal  combination  in  which 
choline  plays  the  part  of  alcohol.  There  are  several 
other  lecithins  whose  formulae  are  as  follows : 

Diastearic  lecithin  =  C**  W^  N  PO^ 
Dipalmitic  „  =  C^^  H«2  N  PO^ 
Dioleic  „       =  C^^  W^  N  PO^ 

Lecithin  is  soluble  in  alcohol,  ether  and  chloroform, 
but  insoluble  in  dilute  acids  and  alkalies  ;  according  to 
Strecker,  it  forms  combinations  with  bases ;  finally,  if  it 
is  not  acted  upon  by  pepsin,  the  pancreatic  juice  breaks 
it  up  rapidily  (Lambling).  When  treated  with  ether  and 
afterwards  taken  up  by  warm  alcohol,  it  forms  when 
mixed  with  glycerine  small  pellets  and  fibrils  which 
resemble  myelin  tubes  ;  the  pellets  give  a  black  cross 
with  a  polarising  microscope. 

Lecithin  is  widely  diffused  in  the  animal  organism ;  it 
represents  10  per  cent,  of  the  white  substance,  and  19  per 
cent,  of  the  grey  matter  of  the  brain,  and  5  per  cent,  of 
the  yolk  of  fowl's  egg,  &c.    It  has  been  found  to  be  present 
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in  all  the  tissues  which  are  in  process  of  development ; 
it  forms  a  portion  of  many  cells,  not  indeed  as  living 
matter,  of  matter  endowed  with  the  power  of  assimilative 
synthesis,  but  as  a  reserve  substance,  or,  more  exactly, 
as  an  accessory  product  of  synthetic  phenomena,  which 
is  capable  of  being  used  later  in  special  conditions. 

Regarded  as  a  product  of  regression,  as  the  first  stage, 
so  to  speak,  of  the  decay  of  cellular  nuclei,  and,  in 
general  terms,  of  the  phosphorised  albumins — a  degenera- 
tion the  mechanism  of  whose  progress  A.  Gautier^  has 
endeavoured  to  explain — lecithin  is  probably  only  made 
use  of  by  certain  anatomical  elements,  and  above  all  by 
the  cellular  body  of  the  neuron  and  the  egg ;  at  all  events 
this  view  of  its  function  is  supported  by  the  accumulation 
of  lecithin  in  the  nervous  structures  and  in  the  lecithin 
reserves. 

In  truth  we  are  in  almost  total  ignorance  as  to  how 
this  utilisation  of  lecithin  is  effected  and  what  is  the 
nature  of  the  waste  product  which  results  from  this  utili- 
sation. Nevertheless,  the  observations  of  Robin  and 
Bardet,  that  the  absorption  of  large  doses  of  lecithin 
causes  an  over-production  of  uric  acid,  lends  support  to 
the  theory  that  there  is  an  incomplete  and  also  toxic 
oxidation  of  the  ammoniated  base,  as  occurs  in  the  case 
of  the  xanthin  bases  of  the  nucleins,  which  increases  the 
proportion  of  uric  acid  in  the  excretions,  and  that  the 
glycerophosphoric  acid  is  directly  utilised. 

Danilewski,  who  was  the  first  to  recommend  the  use 
of  lecithin,  administers  it  pure,  and  chiefly  in  nervous 
disease.  He  has  observed  that,  in  the  young  and  on 
himself,  lecithin  acts  as  a  nervous  stimulant,  augmenting 

^  Cf.  "  Chimie  de  la  Cellule  Vivante." 
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assimilation  and  fortifying  the  cerebral  functions.  He 
has  recently^  reinvestigated  the  subject,  and  his  new 
researches  entirely  confirm  his  first  deductions.  Serene 
has  also  made  use  of  pure  lecithin ;  he  finds  that  under  its 
influence  the  general  health  is  markedly  improved,  and 
that  in  nerve  anaemia  and  wasting  conditions  the  patient 
has  a  better  appetite,  assimilates  more  readily  and  gains 
w^eight.  The  number  of  red  corpuscles  increases,  that  of 
the  leucocytes  remaining  stationary.  In  the  urine  traces 
of  nucleo-albumin  may  occur,  but  no  other  disturbance. 

Following  Sereno  and  Fanelli,  Muggia  has  employed 
lecithin  of  yolk  of  egg  in  infantile  anaemia  and  wasting; 
in  doses  of  one  gramme  daily  in  injection.  This  treat- 
ment is  found  to  be  well  tolerated  by  children,  even 
of  a  year,  an  increase  of  body  weight  and  of  the  number 
of  red  corpuscles  generally  ensuing.  Muggia  prepares 
the  remedy  in  the  following  manner  :  the  yolk  of  a 
new-laid  egg  is  placed  in  a  glass  of  sterilised  water 
containing  about  150  to  200  grm. ;  to  this  is  added  J 
of  a  solution  of  chloride  of  sodium  (7*5  to  1,000). 
The  fluid  is  then  stirred  vigorously  with  a  glass  rod,  and 
is  afterwards  filtered  through  absorbent  cotton.  In  the 
first  instance  1  c.c.  of  the  liquid  thus  obtained  is  injected, 
and  the  quantity  is  increased  up  to  10  c.c,  which  is  the 
maximum  dose.  The  treatment  lasts  for  twenty  days, 
and  corresponds  to  the  injection  of  about  100  c.c.  of  the 
preparation. 

In  France  also  lecithin  contained  in  yolk  of  egg  is 
made  use  of  in  its  complex  form.  Colleville,  who,  so  long 
ago  as  1893,  suggested  that  injections  of  phosphate  of 
soda  and  of  neutral  glycerophosphates  should  be  replaced 

1  "Neurolog.  Centralblatt/'  1900,  Xo.  8. 
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by  those  of  joVk  of  egg,  which  is  rich  in  lecithin,  has 
employed  a  preparation  which  he  calls  Vliuile  cVoeiif.  This 
is  a  solution  of  yolk  of  egg  in  oil  of  sweet  almonds  :  100 
grm.  of  oil  and  of  yolk  of  egg  contains  0  grm.  '29  phos- 
phoric anhydride,  or  3  grm.*516  lecithin,  corresponding  to 
0  grm.  '40  ordinary  phosphoric  acid,  or  1  grm.  '46  phos- 
phate of  soda.  According  to  this  author,  huile  cVoevf 
is  more  efficient  than  are  the  glycerophosphates  in  the 
anorexia  of  lymphatism  and  neurasthenia,  but  not 
more  than  5  c.c.  should  be  administered  hypodermically 
per  diem,  because  more  than  this  causes  various  dis- 
turbances, notably  nervousness  and  excitement,  and  a 
diminution  both  in  the  quantity  of  urine  passed  and 
in  the  urea  and  phosphates  contained  therein.  Thus 
Colleville  considers  that  Jiuile  cVoeiif — in  other  words, 
lecithin — is  of  value  when  it  is  desired  to  rapidly  rouse 
the  organism  to  vigorous  reaction,  but  that  the  glycero- 
phosphates are  more  certain  in  their  effect,  although 
their  action  is  less  pow^erful. 

Quite  recently  Gilbert  and  Fournier,  following  the 
views  of  Desgrez  and  Zaky,  who  maintained  that  lecithin 
favours  the  assimilation  of  nitrogen  and  phosphorus, 
have  given  it  to  animals  in  quantities  of  0  grm.  '10  to 
0  grm.  '20  for  long  periods,  and  have  found  that  this 
treatment  considerably  increases  the  body  weight,  especi- 
ally in  the  case  of  young  animals,  whose  increase  in 
weight  has  greatly  and  rapidly  exceeded  that  of  the 
control  animal  employed.  These  authors  have  also  made 
use  of  lecithin  in  the  treatment  of  tuberculosis  and  of 
several  nervous  diseases.  The  results  obtained  would 
appear  to  be  encouraging.  In  tubercular  patients  with 
advanced  lesions,  either  on  one  or  both  sides,  appetite 
has  been  increased  as  well  as  the  body  weight  and  the 
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strength  generally ;  further,  both  cough  and  expectora- 
tion have  been  lessened,  as  also  has  the  number  of  bacilli 
in  the  sputum.  In  neurasthenia  the  improvement  has 
been  less  marked,  although  an  increase  of  appetite  and 
of  vigour  has  been  observed.  In  no  case  was  there  any 
evidence  of  lecithin  exerting  a  toxic  action  and  of  its 
causing  any  untoward  effects. 

Lancereaux  has  also  used  ovo-lecithin  in  the  treat- 
ment of  various  maladies  of  which  wasting  is  a  marked 
feature.  In  several  cases  favourable  results  were  obtained, 
as  in  that  of  advanced  pancreatic  diabetes  in  a  young 
man  of  eighteen,  who  was  suffering  from  tubercular 
disease  of  the  bones  ^with  amyloid  degeneration  of  the 
kidneys  and  abundant  albuminuria ;  also  in  two  children 
who  were  markedly  wasted.  In  all  the  instances  weight 
was  rapidly  gained,  and  the  general  condition  was  very 
obviously  improved. 

Lancereaux  gives  pure  lecithin  in  quantities  of 
20  centigrammes  for  children  and  of  50  centigrammes 
for  grown-up  people  per  diem, 

Gilbert  and  Fournier  have  employed  lecithin  of  yolk 
of  egg,  and  have  administered  it,  hypodermically,  in 
quantities  of  0  grm.  "05  to  0  grm.  '15  every  other  day,  in 
sterilised  olive  oil,  and  also  by  the  mouth  in  the  form  of 
pills  containing  0  grm. '10  to  0  grm. '50.  Danilewski,  who 
makes  use  of  pure  lecithin,  also  gives  it  by  the  mouth, 
fasting,  in  doses  of  0  grm.  '20  to  0  grm.  '30  per  diem. 
Different  specialities  are  also  made  use  of  which  have  for 
basis  yolk  of  egg,  and  more  especially  extracts  of  sheep, 
pig,  or  calf  brains,  but  in  these  the  proportion  of  pure 
lecithin  is  not  always  accurately  calculated. 

We  have  recently  had  an  opportunity  of  using 
lecithin     in    two    forms    of    disease.      In    tuberculous 
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patients  the  results  are  but  rarely  favourable,  so  far 
as  concerns  an  increase  in  the  respiratory  exchanges, 
which  are  very  little  lowered.  This  is  not  the  case  as 
regards  demineralisation.  Indeed,  under  the  influence 
of  lecithin,  in  doses  of  0  grm.  '50  to  0  grm.  '75  and  up 
to  1  grm.  per  diem,  mineral  elimination  has  diminished, 
especially  as  regards  the  earthy  phosphates  which  have 
fallen  from  0  grm.  '74  to  0  grm.  '70  and  0  grm.  '68,  the 
quantity  passed  still,  however,  exceeding  the  normal, 
(0  grm  '63) .  It  may  be  that  this  diminution  is  attributable 
to  the  influence  of  lecithin  alone,  the  substance  being 
considered  as  a  fatty  body,  inasmuch  as  fatty  matters 
are,  as  it  were,  a  sort  of  aliments  d'epargne  for 
phosphates.  Nevertheless,  several  patients  have  gained 
somewhat  both  in  strength  and  weight. 

In  the  case  of  scrofulous  and  lymphatic  children,  the 
results  have  been  far  more  accurately  defined.  Without 
the  weight  undergoing  any  marked  change,  the  general 
condition  has  materially  improved.  Appetite  and  vigour 
have  been  recovered,  the  skin  has  become  healthy  and 
clear ;  in  three  cases  glandular  complications  have  com- 
pletely vanished ;  in  another  an  obstinate  leucorrhea 
has  disappeared  and  has  not  returned ;  in  yet  another 
impetigo  has  cleared  up.  But  the  chimisme  respiratoire 
could  not  be  ascertained,  owing  to  the  youth  of  the 
patients;  yet  urine  analysis  has  shown  a  distinct  im- 
provement in  the  balance  of  the  exchanges,  which  has 
approached  the  normal,  without,  however,  invariably 
attaining  this  point. 

Finally,  although  the  clinical  observations  are  not 
numerous,  it  may  be  admitted  that  lecithin,  regarded  by 
itself  and  in  the  pure  state,  is  an  excitant  of  the  general 
nutrition,  chiefly  on  account  of  the  phosphorus  contained 
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in  it,  and  tlirougli  the  action  thus  exerted  on  the  nervous 
system ;  hence  its  administration  seems  desirable,  espe- 
cially in  depressed  general  conditions.  Yet  its  effects, 
apart  from  the  inconveniences  pointed  out  by  A.  Eobin 
and  Bardet,  do  not  seem  very  superior  to  those  of  the 
acid  glycerophosphates,  and  this  is  easily  understood, 
inasmuch  as  glycerophosphoric  acid  is  the  active  principle 
of  lecithin. 

B.  Xncleins. 

The  nucleins,  discovered  in  1866,  by  Miescher,  of 
Bale,  are  proteids  which  are  usually  found  to  occur  in 
association  with  albuminoids,  forming  nucleo-albumins. 
They  constitute  the  most  biologically  active  portion  of 
nuclei  of  animal  and  vegetable  cells  (especially  of  chro- 
matine),  and  are  present,  not  only  in  milk  (casein), 
but  also  in  eggs  and  in  every  kind  of  seed.  If  attention 
is  directed  to  the  fact  that  these  nucleins  are  rich  in 
phosj)horus  —  which  represents  the  central  nucleus 
around  which  are  aggregated  the  xanthic  bases  and 
more  complex  albuminoid  molecules — one  is  induced  to 
attribute  to  the  phosphorus  the  chief  part  which  these 
substances  play  in  the  assimilative  processes,  and  hence 
in  those  of  nutrition  and  development.  And  even  if  this 
were  not  so,  nevertheless  the  nucleins  would  not  the 
less  retain  the  considerable  metabolic  importance  which 
necessarily  results  from  their  presence  in  all  the  chromatic 
elements.  According  to  Kossel  and  Altmann,  the  constitu- 
tion of  the  nucleins  should  be  regarded  as  follows,  starting 
from  the  nucleo-albumins  which  when  decomposed  yield 
nuclein  and  an  albuminoid  material.  Nuclein  in  its  turn 
breaks  up  on  the  one  hand  into  albumin,  and  on  the  other, 
into  a  complex  substance,  rich  in  phosphorus,  having  an 
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acid  property,  and  to  which  Miescber  has  given  the  name 
nucleic  acid.  When  appropriately  treated,  nucleic  acid 
itself  breaks  up  into  xanthic  or  nucleic  bases — xanthin, 
hypoxanthin,  guanin,  adenin,  &c.,  and  into  thymic 
acid  (thymus),  which,  w4ien  treated  in  a  state  of  ebulli- 
tion with  sulphuric  acid,  gives  a  well  crystallised  base, 
thymine,  C^  H^  W  0,  and  orthophosphoric  acid.  The 
mean  percentage  composition  of  the  nucleins  is  the 
following,  according  to  Bunge  : 

C 
H 

N 
0 

s 
p 

Fe       0,  2  to    0,  3 

This  composition  proves  that  there  must  be  several 
kinds  of  nucleins,  wdiich  are  distinguished  the  one  from 
the  other  by  their  richness  in  phosphorus  and  also  by 
the  presence  of  iron  (hsematogen). 

Hoppe-Seyler  based  his  classification  of  the  nucleins 
upon  the  products  yielded  by  their  disintegration,  and  he 
distributed  them  in  the  following  manner  : 

1.  Nucleins  whose  decomposition  gives  rise  to  albumin, 
to  hypoxanthin  and  to  phosphoric  acid  (nucleins  of  yeast, 
of  pus,  of  the  nucleated  red  blood  corpuscles). 

2.  Nucleins  yielding  albumin  and  phosphoric  acid 
(nuclein  of  yolk  of  egg,  of  milk). 

3.  Lastl}^  nucleins  yielding  only  hypoxanthin  and 
phosphoric  acid  (nucleins  of  the  spermatic  fluid  of  fishes). 

As  is  readily  seen,  the  first  of  this  series  alone  corre- 
sponds to  true  nucleins,  and  the  last  to  nucleic  acid  ;  as 
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to  the  second  group,  we  do  not  know  how  Hoppe-Seyler 
has  been  able  thus  to  classify  them,  considering  that 
hgematogen  also,  when  decomposed,  gives  rise  to  xanthic 
or  nucleic  bases.  However,  certain  vegetable  nucleins 
occurring  in  the  seeds  of  leguminous  plants  and  cereals 
seem,  indeed,  not  to  yield  nucleic  bases,  that  is  to  say, 
that  the  phosphoric  acid  corresponding  to  the  thymic 
acid  of  the  animal  nucleins  would  combine  immediately 
with  albumins,  globulins,  &c.,  in  order  to  form  legumines, 
caseins,  &c. 

But  these  facts  are  far  from  being  absolutely  proved, 
and  although  a  distinction  should  be  drawn  between 
animal  and  vegetable  nucleins — a  difference  chiefly 
based  on  their  respective  developments  and  on  the 
nature  of  the  accessory  products  of  assimilation — it  is 
at  present  difficult  to  say  in  what  this  difference  con- 
sists, and  to  what  molecular  arrangement  it  especially 
appertains. 

The  nucleins  are  soluble  with  difficulty  in  cold  water, 
ether  and  alcohol,  but  they  dissolve  in  acids,  and  above 
all  in  dilute  alkalies ;  they  are  characterised  by  a  certain 
degree  of  acidity,  and  can  combine  with  baryta  to  form 
salts.  Miescher,  basing  his  conclusions  on  the  composi- 
tion of  these  salts,  regarded  nuclein  as  playing  the  part 
of  a  tetrabasic  acid  whose  formula  is  C^^  H^^  N^  P^  0~^ ; 
finally,  according  to  Lubavin,  the  nucleins  decompose 
the  alkaline  carbonates,  carbonic  acid  being  given  off. 

It  has  been  supposed  that  these  substances  are  only 
attacked  with  difficulty  by  pepsin  and  trypsin  in  a 
suitable  medium.  But  if  this  is  so  it  is  not  easy  to 
understand  how  the  casein  of  cow's  milk — this  milk  con- 
taining especially,  in  virtue  of  the  proteid  matters,  this 
casein,  which  is  a  nucleo-albumin — can  be  digested  and 


NUCLEINS.  29 

wholly  absorbed  by  young  calves,  except  about  1  per  cent. 
Careful  experiments  have  indeed  led  to  considerable 
modification  of  our  views  regarding  the  digestibility 
of  nucleins. 

We  believe  that  Salkowski  was  the  first  to  oppose  the 
view  of  Hoppe-Seyler  concerning  the  resistance  of  the 
nucleins  to  the  action  of  the  digestive  secretions  ;  he  has 
shown  that  the  nucleins,  after  being  partially  disintegrated 
by  the  gastric  juice,  are  finally  completely  transformed 
by  the  pancreatic  juice.  The  experiments  of  Bovet 
made  in  the  laboratory  of  Professor  Pouchet  and  those 
of  Popoff,  which  are  still  more  recent,  clearly  confirm 
the  observations  of  Salkowski.  These  experiments, 
chiefly  applied  to  the  vegetable  nucleo-albumins,  prove 
that  these  substances  are  first  decomposed  by  the  gastric 
juice,  the  albumin  being  converted  into  peptone,  and  the 
residue  of  nuclein,  after  undergoing  several  successive 
transformations,  is  finally  digested  in  the  duodenum 
under  the  influence  of  the  pancreatic  juice. 

The  digestibility  of  nucleins,  which  must  therefore  be 
henceforth  regarded  as  proved,  involves  a  very  remark- 
able consequence.  Salkowski,  who  has  shown  that  nearly 
70  per  cent,  of  the  phosphorus  contained  in  these  sub- 
stances is  absorbed,  a  fact  confirmed  by  Gremlich,  attri- 
buted to  the  nucleic  acid — and  perhaps  also  to  the  thymic 
acid — thus  set  free  a  very  energetic  antiseptic  action  on 
intestinal  bacteria.  Further,  Altmann  has  ascertained 
that  a  5  per  cent,  solution  of  these  acids  kills  the  cholera 
bacillus  in  two  or  three  minutes ;  that  of  typhoid  fever 
in  one  hour,  streptococci  in  two  hours  and  a  half,  and 
staphylococci  in  six  hours.  Yet  Kossel  thinks  that  these 
nucleic  acids  exert  a  positive  chemiotactic  action  upon  the 
leucocytes,  which,  in  this  way  drawn  into  the  alimentary 
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canal,  are  able  to  exercise  their  phagocytic  power.  The 
hyperleucocytosis  which  is  clinically  observed  to  follow 
the  administration  of  the  splenic  nucleins  of  Horbaczewski 
seems  to  depend  chiefly  upon  this  chemiotaxy,  as  also 
do  the  obvious  nutritive  properties  of  this  nuclein  as 
regards  the  w^hite  corpuscles. 

More  difficult  of  explanation  are  the  diuretic  and 
calorificient  qualities  which  are  attributed  to  the 
nucleins.  If  a  connection  can  be  ascertained  to  exist 
between  these  properties  and  the  elevation  of  tempera- 
ture during  the  day  which  follow^s  the  administration  of 
splenic  nucleins,  should  this  phenomenon  be  attributed 
to  the  action  of  these  substances  on  the  nervous  centres? 
Diuresis  w^ould  in  a  sense  be  the  consequence  of  these 
phenomena,  and  it  would  convey  outwards  the  products 
of  decomposition  and  the  toxins  w^hich  are  rendered 
soluble  by  oxidation.  And  Kossel  has,  indeed,  noticed 
a  marked  increase  in  the  excretion  of  urates  to  follow 
the  use  of  nucleins.  This  formation  of  uric  acid  results 
from  the  oxidation  of  the  xanthic  bases  of  the  nucleins, 
according  to  the  equation 

C5  H^  ^u  02  +  0  =  C^  H^  N^  0^ 
xanthin.  uric  acid. 

Lastly,  we  must  remark  that  the  pyrogenous  effects, 
tolerably  constant  in  the  case  of  the  animal  nucleins,  do 
not  occur  as  regards  the  nucleins  and  nucleoses  derived 
from  the  vegetable  kingdom.  From  this  difference  the 
deduction  is  reasonable  that  the  composition  of  the  latter 
class  of  substances  differs  from  that  of  the  former. 

As  to  the  peptic  action  of  the  nucleoses  (the  complex 
nucleo-albumins  of  vegetables,  nucleo-albuminoses,  and 
nucleo-peptones)  pointed  out  in  1895  by  Bovet,  it  w^ould 
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seem  to  be  due  to  the  diastases  contained  in  these  sub- 
stances together  with  fat  and  sugar — the  nucleoses  being 
the  elaborated  materials  of  the  seeds  of  leguminosae  and 
of  cereals.  These  diastases,  by  digesting  the  albumins, 
according  to  Bovet,  facilitate  the  work  of  the  stomach 
and  give  repose  to  the  organ,  to  such  an  extent,  indeed, 
that  the  glandular  function  can  recuperate,  and  the  pro- 
portion of  the  hydrochloric  acid  contained  in  the  gastric 
juice  is  thus  augmented,  causing  a  marked  increase  in 
digestive  vigour.  Yet  the  influence  of  these  diastases, 
and  even  their  presence,  seems  somewhat  problematical, 
when  it  is  a  question  of  pure  nucleins  or  even  the  nucleo- 
albumins,  and  in  such  circumstances  it  may  be  asked  if 
their  peptic  action  is  not  simply  due  to  the  phosphoric 
acid  which  is  partially  set  free  in  the  stomach,  as  ascer- 
tained by  Popoff — inasmuch  as  phosphoric  acid  forms 
with  the  alimentary  albumoses  peptones  of  superior 
quality. 

It  remains  to  inquire  into  the  employment  of  nucleins 
for  the  purpose  of  nourishing  the  organism.  Do  these 
nucleins,  or  at  all  events  certain  of  their  most  important 
groups,  contribute  directly  to  the  formation  of  the 
nucleins  of  the  organism  ;  or  do  they  merely  supply, 
at  the  end  of  their  complete  decomposition,  those 
elementary  materials  which  the  organism  unites  with 
the  foreign  albumins  to  produce  the  nuclein  of  its  cell 
nuclei  ?  This  question  is  very  far  from  being  definitely 
decided.  If  it  must  be  maintained,  w^ith  Lambling,  that 
in  certain  cases  the  nucleins  may  take  origin  from 
the  simple  mineral  phosphates,  yet  the  comparative 
physiological  utilisation  of  these  phosphates  and  of 
the  phosphorised  nuclein  combinations  proves  that  the 
organism  allies  itself  more  willingly,  more  easily,  and 
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more  completely  with  these  latter.  Although  synthetic 
phenomena  necessarily  occur  in  the  process  of  the  fixa- 
tion of  each  substance  in  the  living  complex,  yet  each 
kind  manufactures  its  own  particular  living  material ; 
and  although,  for  example,  human  nuclein  differs  from 
that  of  all  other  animals,  yet  is  clear  that,  in  virtue  of 
the  principle  of  least  resistance,  the  synthetic  processes 
make  use  preferably  of  those  substances  whose  combina- 
tion can  be  effected  with  the  least  possible  expenditure 
of  energy.  Thus  it  is  that  mineral  substances,  for 
instance,  are  assimilated  far  more  easily  in  the  organic 
than  in  the  inorganic  form,  and  this  principle,  conse- 
quently, should  never  be  lost  sight  of  in  arranging 
dietaries,  especially  in  the  case  of  sick  people.  Finally, 
the  observations  of  Miescher  and  of  Kossel,  which  are 
wrongly  cited  in  support  of  the  view  that  crude  mineral 
substances  are  directly  built  up  in  the  organism,  simply 
prove  that  the  latter  is  capable  of  restoring  complex 
nucleins  by  combining  certain  molecular  groups  of 
primitive  disintegrated  nucleins — which  is  a  concise 
proof  of  the  utility  of  this  decomposition  under  the 
influence  of  the  digestive  juices. 

The  various  properties  of  the  nucleins  have  led  to 
their  application  to  therapeutics,  which,  although  not  at 
the  present  time  a  very  extended  one,  would  seem  to  be 
capable  of  considerable  expansion.  Up  to  the  present 
time  the  nucleins  have  been  made  use  of  under  four 
different  forms.  We  shall  say  nothing  concerning  the 
nucleins  of  yeast,  which  are  whitish  powders  whose 
therapeutic  action  is  still  undetermined,  but  which 
seems  to  be  identical  with  that  of  the  fully-fermented 
yeast,  and  which  perhaps  confer  on  the  extracts  of  the 
latter  those  special  qualities  which   are   attributed  to 
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them.  Neither  shall  we  speak  of  the  sodic  nudeins, 
products  almost  completely  soluble  in  water  and  which 
are  now  being  studied, the  first  results  obtained,  however," 
being  anything  but  conclusive.  Hence  we  treat  only  of 
the  nucleoses  and  of  splenic  nuclein. 

The  nucleoses,  nucleo-albumins  or  vegetable  nucleo- 
peptones  have  been  praised  by  Bovet.  Under  this 
complex  form  they  produce  a  marked  increase  in  the 
body  weight,  an  improvement  in  the  chemical  functions 
of  the  stomach,  and  an  abundant  diuresis.  In  dyspepsia, 
in  albuminuria,  in  certain  cardiac  affections,  and  especially 
in  arterial  lesions  in  which  renal  insufficiency  and  alimen- 
tary toxaemia  play,  as  proved  by  Huchard,  a  preponderant 
part,  they  give  very  satisfactory  results.  In  tuberculosis 
and  in  wasting  maladies  their  utility  is  more  doubtful, 
for,  according  to  Bovet,  they  may  when  in  the  pure 
state  (pure  nucleo-albumose)  produce  wasting,  increase  of 
weight  only  ensuing  when  they  are  given  in  the  complex 
condition,  i.e.,  with  carbo-hydrates,  fats,  and  those  salts 
which  are  contained  in  vegetable  seeds.  But  in  this  case 
it  is  obviously  just  as  well  to  make  use  of  natural  aliments. 
On  the  other  hand,  in  typhoid  fever  pure  nucleose  has 
induced  an  immediate  improvement,  and  has  initiated  a 
rapid  cure,  attributed  by  Bovet  to  the  diuretic  and  anti- 
septic action  of  nucleins.  The  same  result  has  also  been 
observed  in  the  case  of  nuclein  contained  in  splenic  pulp, 
and  Strub  has  thus  written  in  connection  with  this  matter : 
''  Yaughan  has  rendered  a  great  service  in  pointing  out 
the  utility  of  nuclein  in  the  building  up  of  the  white 
blood  corpuscles.  Nuclein,  when  given  in  large  doses 
during  typhoid  fever,  increases  the  number  of  the 
leucocytes  and  furnishes  them  with  the  necessary  energy 
to  combat  the  typhoid  poison  and  to  rid  the  blood  of  the 
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same."  The  author,  in  order  to  explam  this  effect,  thus 
makes  use  of  the  theory  of  hyperleucocytosis  and  of  a 
more  powerful  phagocytic  action,  which  is  the  result  of 
the  increase  of  leucocytes.  Bovet  prescribes  nucleose 
diluted  with  milk  in  quantities  of  three  to  eight  spoonfuls 
jper  diem. 

Splenic  nuclein,  prepared  by  Horbaczewski,  is  a  brown 
powder  which  possesses,  according  to  this  authority, 
calorficient  properties  and  which  induces  a  hyperleu- 
cocytosis which  may  attain  even  cent,  per  cent.  Con- 
sequently it  has  been  made  use  of  in  lupus,  but  unsuc- 
cessfully, inasmuch  as  it  causes  exacerbation  of  the 
local  inflammation,  and  with  greater  benefit  in  chronic 
varicose  ulcers  of  the  leg,  in  syphilitic  ulceration  of  wide 
extent,  in  septic  ulcerations  of  the  genital  organs  in 
women  and  in  endometritis.  In  tuberculosis  the  effects 
of  the  treatment  are  still  suh  juclice,  although  Yaughan 
warmly  recommends  the  product  in  such  cases.  Finally, 
in  typhoid  fever  and  some  other  affections,  the  results 
obtained  are,  as  has  been  observed,  fairly  satisfactory.  In 
infectious  diseases  Mourek  recommends  the  hypodermic 
method  of  treatment ;  up  to  10  or  12  c.c.  may  be  injected 
of  a  solution  of  splenic  nuclein  of  the  strength  of 
0  grm.  '5  to  100  c.c.  of  distilled  water  with  the  addition 
of  0  grm.  '5  carbolic  acid ;  each  c.c.  contains  5  milli- 
grammes of  nuclein.  The  initial  dose  is  J  c.c.  In 
typhoid  fever  Strub  does  not  recommend  solutions,  but 
dry  preparations  which  have  been  carefully  j)rotected 
from  the  effects  of  damp. 

To  sum  up,  the  nucleins,  whether  regarded  as  a  food 
(complex  condition)  or  as  a  medicine  (pure  condition), 
are  doubtless  adapted,  by  reason  of  their  physiological 
properties,    to   be   of    great    service,   but   clinical    and 
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experimental  observations  are  not  as  yet  sufficiently 
numerous  for  any  definite  opinion  on  this  matter  to  be 
given.  Hence  it  is  necessary  to  wait  for  the  confirmation 
of  these  views.  In  the  meantime,  it  does  not  seem  rash  to 
hope,  judging  from  what  we  already  know  of  them,  that 
the  nucleins  may  become  therapeutic  agents  of  a  well- 
marked  efficiency  in  the  role  of  metabolism  and  as  a 
means  of  defence  of  the  organism. 


C.  Glycerophosphates. 

As  we  have  already  remarked,  it  is  glycerophosphoric 
(or  phosphoglyceric)  acid  which  confers  on  the  lecithins 
their  power  of  stimulating  the  nutritive  exchanges 
through  the  mediation  of  the  nervous  system.  As,  on 
the  other  hand,  the  drawbacks  to  this  form  of  treatment 
apparently  arise  from  the  union  of  this  acid  with  the 
toxic  base,  choline  or  neurine,  the  attempt  has  been  made 
to  substitute  for  this  organic  base  mineral  bases  which 
are  themselves  endowed  with  useful  ]Droperties.  The  salts 
thus  obtained  were  in  the  first  instance  studied  by 
Pasqualis,  then  in  1894  by  Professor  A.  Eobin  from  the 
therapeutic  point  of  view. 

Chemistry. — Glycerophosphoric  acid  is  a  bi-basic  acid, 
which  therefore  forms  neutral  and  acid  salts,  both  of 
which  are  made  use  of  in  medicine,  the  first  being 
reserved  for  hypodermic  injection,  while  the  latter 
are  now  preferred  for  treatment  by  the  alimentary 
canal. 

The  acid  glycerophosphates  differ  somewhat  as  re- 
gards their  properties  from  the  neutral  salts  of  the  acid. 
They  are  amorphous,   while  the  others   are  often  well 
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crystallised  ;  they  are  very  hygroscopic,  but  very  stable  ; 
their  alcoholic  and  watery  solutions  decompose  only  very 
slowly,  and,  even  at  the  boiling  point  and  in  con- 
centrated solution,  the  quantity  of  phosphoric  acid 
which  they  furnish  is  always  very  small.  Finally  they 
are  much  more  soluble  in  w^ater  than  are  the  neutral 
glycerophosphates,  the  proportion  being  30  per  cent, 
instead  of  4*5  per  cent.,  as  is  the  case  with  the  last- 
mentioned  salts. 

Among  the  glycerophosphates  of  the  organic  bases  one 
only — that,  namely,  of  quinine — appears  to  have  been  suc- 
cessfully used  in  therapeutics,  having  given  good  results 
in  malarial  fever  and  in  malarial  anaemia. 

Physiology  and  Therapeutics. — It  has  been  long  known 
that  the  mineral  elements  used  in  the  process  of 
nutrition,  when  present  in  the  purely  mineral  form,  are 
not  absorbed,  and  cannot  therefore  be  made  use  of  by  the 
organism.  Dujardin-Beaumetz  called  attention  to  this 
fact  in  connection  with  the  administration  of  phosphates 
which  it  was  formerly  the  custom  to  recommend  ;  this 
treatment  must  have  been  nearly  entirely  useless  on 
account  of  the  all  but  complete  inassimilability  of  these 
salts.  Bunge  has  proved  that  the  mineral  matters 
which  take  a  share  in  the  organic  syntheses  cannot  be 
utilised,  at  all  events  in  the  case  of  the  higher  animals 
and  of  man,  unless  they  take  on  an  organic  form — that 
is  to  say,  unless  they  have  already  been  elaborated  by  a 
living  organism.  Thus  it  has  been  attempted  to  provide 
natural  phosphates,  phosphates  directly  extracted  from 
vegetables,  milk,  or  from  animals.  In  this  way  phos- 
phatoses  have  been  produced  which  have  as  a  matter  of 
fact  given  very  good  results,  but  which  have  nevertheless 
the   drawback    of    not    being    always    very    accurately 
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proportioned,  and  which,  moreover,  when  sufficiently 
pure,  are  somewhat  expensive. 

From  this  point  of  view  the  glycerophosphates  offer 
great  advantages.  Their  chemical  composition  is  per- 
fectly definite,  the  dose  in  which  they  are  usually  given 
is  not  expensive,  and  they  furnish,  like  the  natural 
phosphates,  phosphorus  in  an  organic  and  consequently 
easily  assimilable,  absorbable  form.  They  are  therefore 
true  cellular  aliments  which  exert  on  all  the  tissues,  but 
more  especially  on  the  osseous  and  nervous  systems,  a 
tonic  and  stimulant  action.  This  property,  in  connection 
with  the  facility  with  which  they  are  absorbed  and  utilised, 
and  with  the  absence  of  untoward  effects  and  of  toxicity 
when  they  are  pure,  explains  and  justifies  the  success 
which  attends  the  use  of  these  products. 

According  to  Eobin,  the  action  of  the  glycerophos- 
phates on  the  organic  exchanges  is  as  follows :  the  total 
urinary  residue  is  augmented,  as  is  the  urea,  as  well  as 
the  quantity  of  sulphates  and  chlorides.  The  coefficient 
of  nitrogenous  oxidation  increases  from  80  to  84  or  85 
per  cent. — that  is  to  say,  from  4  to  5  per  cent. — but  the 
proportion  of  uric  acid  to  urea  is  lowered,  while  the  index 
of  acidity  of  the  urine  is  slightly  increased ;  the  urinary 
phosphates  remain  stationary,  which  is  an  important 
fact,  proving  as  it  does  that  the  glycerophosphates 
really  remain  in  the  organism. 

How  is  this  fixation  of  the  phosphates  effected  ?  This 
question  is  far  from  being  completely  resolved.  But  it 
would  seem  that  there  is  a  decomposition  of  glycerophos- 
phates in  the  organism  ;  the  phosphoric  acid  and  the 
mineral  bases  are  separately  fixed,  either  to  the  nuclei 
of  the  cells  or  to  those  elements  of  the  tissues  which 
include   the  base  in  question  amongst    their   essential 
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mineral  constituents  ;  the  glycerine  being  set  at  liberty 
is  probably  burnt  up  in  the  economy.  Although  this  is 
doubtless  a  purely  theoretical  view  of  the  matter,  yet 
it  explains  in  an  adequate  manner  the  causation  of  the 
remarkable  clinical  results  which  are  obtained  by  the 
administration  of  the  glycerophosphates  of  magnesia, 
soda,  iron  and  potash,  &c.  It  also  explains  the  effects 
which  ensue  in  certain  depressed  conditions  of  the 
nervous  system  with  marked  anaemia.  And  it  is  clear 
that,  if  this  mode  of  explaining  the  facts  be  correct,  the 
employment  of  the  glycerophosphates  imitates  one  of  the 
most  active  modes  of  nuclear  and  nervous  nutrition,  and 
is  certainly  the  most  efficient  and  the  best  method  of 
administering  phosphatic  medication. 

The  acid  glycerophosphates  have  a  still  more  energetic 
influence  than  the  neutral  salts  of  which  we  have  just 
spoken.  Bardet  has  summarised  the  effect  of  these 
remedies  as  follows : 

1.  In  moderate  closes  (3  to  4  gi'm. per  diem)  the  dynamo- 
phoric  action  is  more  rapid  and  stronger. 

2.  The  urinary  elimination  of  phosphates  is  not 
markedly  increased,  but  the  nitrogenous  coefficient 
rapidly  rises  until  a  limit  is  obtained  which  is  not  after- 
wards passed  whatever  may  be  the  doses  of  the  glycero- 
phosphates which  are  administered. 

3.  The  index  of  acidity  of  the  urine  is  sensibly  increased, 
but  unless  very  large  doses  and  dilute  phosphoric  acid  are 
made  use  of,  it  is  rare  for  the  normal  acidity  to  be  attained. 
In  all  circumstances  the  acid  glycerophosphates  are 
superior  in  this  matter,  as  regards  activity,  to  the  neutral 
salts. 

4.  Large  doses  (15  to  25  grm.  2:)er  diem)  are  generally  well 
borne,  but  a  slight  purgative  effect  ensues,  which  may  be 
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of  some  therapeutic  value.  Further,  there  is  a  marked 
chologogue  action,  which  exerts  a  favourable  influence  in 
cases  of  dyspepsia  due  to  hyperchlorhydria  with  defective 
performance  of  the  liver  functions. 

It  may  be  stated  in  general  terms  that  the  acid  glycero- 
phosphates have  the  same  action  as  the  neutral  salts, 
but  that  they  are  more  effective,  more  rapid  in  their 
results.  They  are  well  tolerated  in  most  cases,  even 
when  the  stomach  is  easily  upset.  They  would,  how- 
ever, appear  to  be  somewhat  less  active  as  regards  the 
effect  on  the  urine  than  phosphoric  acid.  It  may  be 
said  that,  under  all  circumstances,  the  clinical  indica- 
tions for  the  use  of  these  salts,  both  neutral  and  acid, 
are  the  same. 

Indications  for  use,  and  the  Dose. — It  may  be  said 
in  general  terms  that  glycerophosphates  are  indicated 
in  all  cases  in  which  there  is  an  excessive  phosphatic 
demineralisation.  These  salts  are  wrongly  regarded 
as  being  of  exceptional  and  specific  value  in  neuras- 
thenia, inasmuch  as  neurasthenia,  or  rather  all  those 
morbid  conditions  which  are  collected  together  under 
this  term,  are  very  far  from  owning  the  same  cause; 
different  causes  must  obviously  require  different  modes 
of  treatment.  Among  these  diverse  exciting  agencies, 
those  alone  should  be  regarded  as  requiring  phos- 
phatic treatment  which  are  dependent  upon  nutri- 
tive disorders  with  a  marked  demineralisation  ;  the 
depressing  effects  which  accompany  this  loss  are  then 
naturally  overcome  by  the  use  of  the  glycerophosphates. 
The  glycerophosphates  are  further  available  in  all 
maladies  characterised  by  an  increased  elimination  of 
phosphates,  the  dietary  being,  of  course,  left  out  of 
account,    e.g.,    diabetes,  anaemia,  rickets,   osteomalacia, 
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scrofula,  and  lastly  tuberculosis.  Further,  their  employ- 
ment is  desirable  in  the  convalescent  stage  of  infectious 
maladies,  when  loss  of  mineral  matters  is  alwaj^s  more 
or  less  marked.  They  may  be  made  use  of  also,  in  union 
with  lithia,  in  arthritis  and  gout. 

It  must  not  be  forgotten  that,  in  actual  practice,  the 
nature  of  the  mineral  base  which  is  combined  with  the 
glycerophosphoric  acid  is  not  a  matter  of  indifference. 
In  some  rare  cases,  it  is  true,  loss  of  mineral  constituents 
is  limited  to  a  single  tissue,  but  not  unusually  such  and 
such  a  tissue  or  a  certain  structure  loses  its  mineral  con- 
stituents more  rapidly  than  another,  as  is  shown  by  urinary 
analysis,  by  the  relationship  of  the  vital  exchanges,  and 
especially  by  the  proportion  of  the  alkaline  or  earthy 
phosphates.  If,  therefore,  it  is  always  advisable  to  en- 
deavour to  remineralise  the  different  tissues  by  supplying 
them  with  the  chief  substances  of  this  description  which 
they  have  lost — in  a  word,  to  adopt  a  system  of  poly- 
phosphatic  medication  as  recommended  by  A.  Eobin  and 
Bardet — it  is,  nevertheless,  obvious  that  we  must  espe- 
cially supply  that  mineral  constituent  of  the  tissues  which 
is  most  com]3letely  drained  from  the  organism.  Thus  in 
rickets  or  osteomalacia,  for  example,  glycerophosphate  of 
lime  is  especially  indicated  ;  in  nervous  affections  and 
neurasthenia  and  neuransemia  the  glycerophosphate  of 
magnesia  would  be  required ;  in  anaemia  the  glycero- 
phosphates of  potash  and  iron  will  give  good  results, 
as  it  is  probable  that  iron  occurs  in  the  blood  corpuscle 
in  the  form  of  the  glycerophosphate.  Lastly,  in  gout  the 
lithia  salt  is  to  be  preferred. 

When  given  by  the  mouth,  as  is  usually  the  case,  the 
acid  glycerophosphates  should  be  employed,  the  doses 
being  small  (3  to  -i  grm.  j^^'o  die)  or   in   larger   doses 
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(15  to  25  grm.  jj>ro  die),  according  to  the  nature  of  the 
case.  When  there  is  no  very  special  indication,  as  may 
happen  in  gout  for  example,  polyphosphatic  medication 
should  be  resorted  to,  of  which  the  following  is  the 
formula  of  A.  Robin  : 

Glycerophosphate  of  lime         ...  0  grm. '30 

,,  ,,     soda         ...  0  grm.  '10 

,,  ,,     potash     ...  0  grm.  '10 

„  ,,     magnesia...  0  grm. '10 

,,  ,,     iron  ...  0  grm.  '05 

To  make  one  cachet,  two  per  diem.  Robin  recom- 
mends that  these  salts  be  combined  with  remedies 
which  exercise  a  stimulating  action  on  nutrition;  for 
example  : 

Nux  Vomica  in  powder     ...         0  grm. '03 
Pepsin  en  paillette  titre  50  0  grm.  '15 

Maltine        0  grm. '05 

which  is  added  to  each  cachet,  and  especially  in  atonic 
dyspepsia.  Should  there  be  severe  neuransemia,  the  dose 
of  the  magnesia  salt  may  be  increased  to  0  grm.  '20, 
just  as  in  anaemia  the  quantity  of  the  salt  of  iron, 
&c.,  is  increased.  Glycerophosphate  of  lithia  may  also 
be  given  in  larger  quantity,  as  also  may  the  salt  of 
quinine  (even  up  to  1"50  to  2  grm.)  in  malarial  anaemia, 
and  combined  with  the  glycerophosphate  of  iron,  &c. 
All  these  salts  may  also  be  given  in  solution,  which  is, 
indeed,  the  most  certain  and  efficacious  way  of  adminis- 
tering them,  but  only  a  small  quantity  of  the  mixture 
should  be  prepared  at  one  time,  as  the  solution  de- 
composes and  soon  becomes  mouldy.  For  children  a 
syrup  may  be  employed;   it  is  saturated  in  order  to  avoid 
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the  risk  of  subsequent  changes.  Here  is  a  formula  of 
Kobin,  slightly  modified : 

Glycerophosphate  of  lime  ...  6  grm. 

,,     soda  ...         2     „ 

„  ,,     potash       ...  2     ,, 

,,  ,,     magnesia  ...         2     ,, 

„     iron  ...         1     „ 

Tincture  of  Nux  Vomica  ...  30  drops. 

,,         Kola  10  grm. 

Syrup  of  Cherries  to        200     ,, 

Two  or  three  teaspoonfuls  2^er  diem.  Lastly,  the 
glycerophosphates  may  be  made  use  of  hypodermically 
in  the  quantity  of  0  grm.  '25  ^^ro  die,  but  in  this  case 
the  neutral,  and  not  the  acid  salts,  must  be  employed, 
on  account  of  the  irritation  which  is  set  up  by  the 
latter. 

4.  Indirect  Alterants. 

A.  Phosphoric  Acid. 

It  is  only  quite  recently  that  phosphoric  acid,  which 
has  for  several  years  been  somewhat  neglected  as  a 
therapeutic  agent,  has  taken  an  important  position  as 
regards  the  newer  methods  of  treatment.  This  resuscita- 
tion of  phosphoric  acid  is  due  to  the  researches  of  Joulie, 
Cautru,  and  Bardet  concerning  the  hypoacid  diathesis 
and  neurasthenia. 

Chemistry. — Phosphoric  acid  occurs  under  two  forms, 
the  anhydrous  acid  PO^  and  the  trihydrated  acid  H^  P0^ 
which,  diluted  with  an  equal  weight  of  w^ater,  forms 
the  officinal  phosphoric  acid. 

A  hundred  parts  of  the  officinal  acid  thus  contain 
36'4  of  anhydrous  acid  or  50  trihydrated  acid.  It  is 
well   to   calculate   the  index   of   acidity  of   commercial 
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preparations  in  equivalents  of  anhydrous  acid  on  account 
of  their  variable  composition.  The  normal  preparation 
has  a  density  of  1*35  at  15°;  this  preparation  should 
alone  be  used.  Forty-five  drops  represent  1  grm.  of 
anhydrous  acid. 

Physiology. — Phosphoric  acid  forms  in  the  stomach 
with  the  albuminous  constituents  of  the  food,  peptones  of 
superior  quality,  and  on  this  account  it  may  strengthen 
the  gastric  functions  when  they  are  debilitated  or 
abolished ;  further,  it  checks  the  secretion  of  hydro- 
chloric acid,  and  in  this  way  ameliorates  more  or  less 
completely  dyspeptic  conditions  due  to  hyperchlorhydria. 

This  diminution  of  the  secretion  of  hydrochloric 
acid,  checking  as  it  does  the  decomposition  of  the 
chlorides,  and  especially  the  chloride  of  sodium, 
diminishes  the  quantity  of  soda  set  free,  and  hence 
indirectly  increases  the  general  acidity  of  the  humours, 
thus  favouring  the  action  of  the  liver  and  consequently 
causing  the  neutralisation  of  the  excess  of  alkali  in  the 
system.  The  bile  and  the  pancreatic  juice  neutralise  the 
phosphoric  acid,  which  thus  passes  into  the  blood  as  a 
soda  salt  more  or  less  prominently  basic.  Hence  this 
treatment  furnishes  the  economy  with  phosphate  of 
soda  which  can  be  absorbed  and  utilised.  Occasionally, 
when  the  hepatic  inadequacy  is  strongly  accentuated, 
neutralisation  may  be  incomplete  in  the  duodenum ; 
when  this  is  so  acid  diarrhoea  occurs,  accompanied  with 
colicky  pain. 

Therapeutics. — It  is  generally  admitted  at  the  present 
time  that  the  majorit}^  of  the  nervous  abnormalities 
which  are  grouped  together  under  the  name  of  neuras- 
thenia are  caused  by  dyspepsia,  which  is  latent  when  it 
is  compensated  by  vigorous  hepatic  action,  but  becomes 
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immediately  manifest  when  this  Kver  function  fails.  It 
is  generally  the  case  that  over- eating,  particularly  as 
regards  nitrogenous  food,  is  the  cause  of  this  gastric 
trouble,  inasmuch  as  the  immediate  result  of  over- 
feeding is  to  induce  an  excessive  production  of  hydro- 
chloric acid.  So  long  as  the  liver  is  healthy,  this  organ 
receives  the  liberated  soda,  and  the  hepatic  bases 
neutralise  the  excess  of  acid.  But  when  the  liver 
becomes  debilitated  and  incompetent  to  perform  its 
duties,  the  free  soda  remains  in  the  blood  and  converts 
the  di-sodic  into  the  tri-sodic  phosphate.  The  result  of 
this  is  that  the  tissues  become  alkalinised,  an  alkalinisa- 
tion  w^hich  is  still  further  increased  by  the  non-neu- 
tralisation of  the  acids  and  of  the  ammoniacal  products  of 
the  digestive  process  which  the  liver  refuses  to  transform. 

There  is  thus  a  marked  lowering  of  the  acidity  of  the 
tissues  and  of  the  urine,  and  passage  of  an  increased 
quantity  of  earthy  phosphates  which  are  soluble  in  the 
over-acid  blood.  It  is  at  this  period  that  neurasthenic 
symptoms  make  their  appearance,  being  often  accom- 
panied with  marked  gastric  crises.  Whatever  may  be 
their  cause,  intellectual  overwork  with  mental  depres- 
sion or  primary  disturbance  of  nutrition,  these 
phenomena  lead  to  the  production  of  hypoacidity  of 
the  blood  and  consequently  of  the  urine  and  to  the 
hypoacid  diathesis,  either  primary  or  secondary. 

Those  whose  tissues  are  hyperacid,  and  Professor 
Eobin  has  proved  that  numbers  of  neurasthenics  are  in 
this  condition  at  the  beginning  of  their  troubles,  may 
develop  neurasthenia  in  consequence  of  considerable 
elimination  of  phosphates,  and  the  tissues  thus  become 
h^^Doacid  in  reaction,  when  the  liver,  incapable  of  dealing 
with  the  blood  too  highly  charged  with  fatty  acids  and  with 
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acid  salts,  no  longer  converts  the  ammoniacal  derivatives, 
which,  passing  into  the  blood,  alkalinise  this  fluid. 

Hence  phosphoric  acid  is  likely  to  be  useful  in 
maladies  which  are  the  result  of  hypoacidity,  especially 
in  cases  of  dyspepsia,  when  it  acts  as  a  supplement 
and  allows  aliments  to  be  artificially  digested.  Although 
other  acids  may,  under  the  same  circumstances,  render 
a  similar  service,  yet  the  results  obtained  by  the  use 
of  phosphoric  acid  are  distinctly  more  satisfactory, 
and  this  acid  also  possesses  the  great  advantage  of 
compensating  the  loss  of  phosphates,  should  such  be 
the  case.  But  in  certain  cases  to  which  Bardet  refers  it 
has  not  been  necessary  to  resort  to  the  use  of  phosphoric 
acid,  it  having  been  found  sufficient  to  reduce  the 
quantity  of  nitrogenous  matter  ingested  in  order  to  raise 
the  acidity  of  the  urine.  According  to  Cautru,  phos- 
phoric acid  is  also  useful  in  all  the  forms  of  arthritism, 
in  rheumatic  subjects,  in  eczematous  patients,  who  are 
almost  always  hypoacid — after  having  passed  through  a 
stage  of  hyperacidity — and  who  prolong  their  malady 
by  the  use  of  alkaline  waters,  in  those  suffering  from 
boils,  and  in  diabetes.  Finally,  as  has  been  already  men- 
tioned, in  the  several  forms  of  neurasthenia ;  the  acid  has 
also  been  praised  in  the  lymphatic  diathesis,  cancer,  and 
in  tuberculosis,  maladies  often  attended  with  hypoacidity, 
according  to  the  severity  of  the  affection. 

In  quantity  of  from  1  to  6  grm.  of  anhydrous  acid  pro 
die,  phosphoric  acid  may  be  taken  for  long  periods 
without  any  unpleasant  symptoms  occurring  ;  at  the  same 
time  there  will  be  observed  a  gradual  improvement  in 
the  digestive  condition  and  in  the  general  health.  But 
if  this  treatment  is  not  thus  prolonged  it  will  be  necessary 
to  observe  a  strict  rule  of  life  and  of  the  dietary,  both  of 
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which  must  be  rigorously  follo^Ye(l  if  no  check  in  the 
amehoration  is  to  occur.  Bardet  has  pointed  out  that  in 
gastric  irritability,  when  the  condition  is  chiefly  depen- 
dent upon  nervous  derangement,  treatment  by  phosphoric 
acid,  even  when  prolonged,  may  not  prevent  the  attacks 
of  gastric  trouble. 

Contra-indications  as  regards  the  use  of  phosphoric  acid 
are,  first,  local  irritable  conditions,  ulceration  and  cancer  of 
the  stomach,  and  inflammatory  lesions  of  the  alimentary 
canal.  Under  these  circumstances  Bardet  advises  the  sub- 
stitution of  the  acid  glycerophosphates,  which  give  good 
results ;  when  there  is  diarrhoea  or  chronic  enteritis, 
phosphoric  acid  is  equally  ill-tolerated  on  account  of  its 
laxative  action  ;  it  forms,  indeed,  as  the  result  of  its 
neutralisation  in  the  intestine,  phosphate  of  soda,  which, 
as  is  well  known,  is  a  powerful  laxative.  In  cases  of 
constipation  this  is  of  course  a  great  advantage,  but  this 
is  not  so  in  cases  of  diarrhoea,  when  intolerance  of  the 
drug  may  then  be  aroused.  According  to  Cautru,  phos- 
phoric acid  is  also  contra-indicated  in  cirrhosis  of  the 
liver,  as  it  causes  diarrhoea ;  in  renal  affections,  when  it 
increases  the  quantity  of  albumin  in  the  urine,  and,  lastly, 
in  those  patients  who  are  taking  arsenic  at  the  same  time. 

Formulce. — Some  of  the  principal  formulae  for  the 
administration  of  phosphoric  acid  are  given  below : 

Lemonade  {Bardet). 

Officinal  phosphoric  acid  (36*4  per  cent.)  28  grm. 

Alcoolature  d'oranges       ...         ...         ...  20    ,, 

Sirop  de  sucre       ...         ...         ...         ...  250    ,, 

Distilled  water  to 1  litre. 

100  c.c.  of  this  preparation  contains  1  grm.  of  anhydrous 
acid  ;  1  to  3  demi  verves  ordinaires. 
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Elixh'  {Bar (let). 

White  of  egg 60  grm. 

Officinal  phosphoric  acid       ...         ...     58    ,, 

Distilled  water  to        ...         400 c.c. 

Boil  in  a  water  bath,  filter,  and  add  the  following  mixture : 

Alcoolature  d'oranges  200  grm. 

Sir  op  de  sucre  ...         400    ,, 

Distilled  water  to        ...         ...         ...         1  litre. 

This  preparation  contains  0  grm.  '10  of  anhydrous  phos- 
phoric acid  in  each  teaspoonful.  10  to  15  teaspoonfuls 
diluted  with  water  with  meals. 

Joulie's  For  nulla. 
Officinal  phosphoric  acid     ...         ...       17  grm. 

Phosphate  of  soda    ...       34    ,, 

Distilled  water  250    ,, 

Three  to  12  teaspoonfuls  j^ro  die  in  plain  water  or  eau 
sucree. 

Substitutes  for  the  acid  in  cases  in  which  it  is  not  well 
borne  (Bardet). 
Acid  glycerophosphate  of  soda  a  90  p.  100     220  grm. 
Officinal  phosphoric  acid  (D  =  1'35)         ...     67      ,, 

Boiled  water  to       1  litre. 

2  to  3  liqueur- glassfuls  jper  diem. 

or 
Acid  glycerophosphate  of  soda  a  90  p.  100     220  grm. 
Boiled  water  to      ...         ...         ...         ...         1  litre. 

2  to  3  liqueur-glassfuls  _2:>er  diem. 

B.  Cacodylic  Acid  and  Cacodylates. 
As  might  be  inferred  from  the  practice  of  eating  the 
metal,  arsenic  has  been  looked  upon  for  a  great  length 
of   time   as   capable  of   modifying  nutrition  and  blood 
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formation,  and  as  a  regulator  of  the  oxidative  process. 
"Whether  this  opinion  is  justified  or  not,  the  arsenical 
preparations  made  use  of  therapeutically,  being  certainly 
poisonous,  their  employment  has  been  strictly  limited. 
It  was  known  that  certain  modes  of  organic  combination 
of  poisonous  substances  may  be  harmless,  and  it  was 
this  idea  which  first  suggested  to  Professor  A.  Gautier 
in  1897  the  possibility  of  making  use  of  cacodylic  acid,  an 
organic  combination  of  arsenic  ,  discovered  by  Bunsen 
in  1843,  and  one  which  at  this  epoch  was  thoroughly 
studied  as  regards  its  physical  and  chemical  properties. 

Cacodylic  acid  As  (CH  ^)  ~0  ^H  is  white  in  colour,  crys- 
talline, without  smell,  but  with  a  very  slightly  acid  taste. 
It  is  made  by  the  super- oxidation  by  means  of  oxide  of 
mercury  of  the  oxide  of  cacodyle  As^  (CH'^)  *0. 

As2(CH3)'iO+HgO  +  H20  =  2Hg+2As(CHS)^02H. 

Cacodylic  acid  forms  salts,  of  which  the  one  most  often 
employed  is  cacodylate  of  sodium  As  (CH'^)  ^O^Na,  a 
combination  containing  46*8  per  cent,  of  arsenic ;  it 
occurs  in  the  form  of  a  white  powder,  very  soluble  in 
water.  It  is  very  stable,  so  much  so  that  neither  fuming 
nitric  acid  nor  a  mixture  of  sulphuric  acid  and  chromate 
of  potash  have  any  effect  upon  it,  even  at  the  boiling 
point.  Watery  solutions  of  this  substance  also  keep  very 
well,  and  can  be  easily  sterilised. 

As  already  mentioned,  cacodylate  of  soda  is  usually 
employed,  but  pure  cacodylic  acid  is  equally  available. 

Physiology. — The  cacodylates,  whether  neutral  or  pure, 
can  be  administered  in  several  ways.  Professor  Gautier 
recommends  the  hypodermic  method  of  administration, 
Professor  Pienaut  the  rectal,  and  Dalche  prefers  that  by 
the  mouth. 
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Although  each  of  these  methods  offers  certain  advan- 
tages, vet  it  would  seem  that  the  hypodermic  injection  of 
the  remedy  is  preferable,  especially  as  it  avoids  to  a 
certain  extent  the  very  serious  drawbacks  of  cacodylic 
treatment.  "When  the  drug  is  given  by  the  mouth,  these 
drawbacks  are  obvious  from  the  very  first ;  they  consist 
of  colic,  diarrhoea,  dryness  of  mouth,  pain  in  the  epigas- 
trium, loss  of  appetite  ;  sometimes  cutaneous  eruptions 
break  out — these  are  accompanied  with  much  irrita- 
tion ;  insomnia,  acceleration  of  pulse,  loss  of  strength 
may  also  occur ;  lastly,  and  by  no  means  the  least 
important  of  these  troubles  is  the  garlic  taste  and  the 
odour  of  garlic  which  affects  the  breath,  the  perspiration, 
and  indeed  the  whole  body. 

A.  Gautier  has  explamed  how  these  unpleasant  results 
are  brought  about.  He  says:  '''  When  cacodylic  acid  is 
submitted  in.  ritro  to  the  action  of  reducing  agents,  the 
acid  is  transformed  into  oxide  of  cacodyle,  a  very 
poisonous  substance  whose  odour  resembles  that  of 
garlic.  Cacodylic  acid  itself  is  inoffensive.  Cacodylic 
acid,  when  taken  into  the  alimentary  canal,  comes  in 
contact  with  reducing  agents,  microbic  or  otherwise,  and 
a  small  portion  becomes  transformed  into  oxide  of  caco- 
dyle, the  odour  of  which  is  speedily  obvious  in  the  breath. 
This  substance  is  not  only  volatile,  but  is  also  poisonous  ; 
after  upsetting  the  stomach  and  intestines,  it  is  finally 
eliminated  by  the  lung,  skin,  mucous  membranes,  and 
kidneys,  and  in  thus  passing  out  of  the  system  it  may 
lead  to  the  production  of  local  disorders  of  these  structures, 
which  vary  in  dift'erent  subjects,  but  which  will  certainly 
be  more  or  less  serious  and  persistent  if  the  elimination 


is  prolonged.' 


1 
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It  is  on  this  account  that  Gautier  recommends  the 
exclusive  use  of  subcutaneous  injections.  But  even 
these  are  not  always  absolutely  harmless :  Dr.  K.  Simon 
and  Dr.  Burlureaux  have  both  observed  the  garlic-like 
odour  and  taste  to  ensue  after  the  h^^podermic  use  of  caco- 
dylate  of  soda  ;  it  is  true,  however,  that  in  some  cases  this 
drawback  may  be  due  to  impurities  contained  in  the  drug. 

Under  any  circumstances  it  seems  certain  that  caco- 
dylate  treatment  is  most  satisfactorily  carried  out  by 
the  hypodermic  method.  By  this  method,  even  if  less 
pleasant  to  the  patient,  the  several  digestive  troubles  just 
referred  to  are  avoided,  and  any  symptoms  of  arsenical 
poisoning  are  but  very  slowly  developed.  As  regards 
SbdministYSition 2)er  rectum,  this  method  does  not  seem  to  be 
attended  with  any  pronounced  drawback,  but  when  thus 
given  cacodylic  acid  may  be  partially  reduced  in  the 
intestine,  in  which  case,  of  course,  the  same  unpleasant 
symptoms  will  result  as  when  the  drug  is  given  by  the 
mouth.  ^^^,^<:^   T^/^T^^^^ 

Authors  seem  to  he  nearly  unanimous  that  cacodylic 
acid  and  its  salts  are  but  feebly  toxic^  which  permits,  in 
exceptional  cases  it  is  true,  even  up  to  one  gramme  of  caco- 
dylate  of  soda,  corresponding  to  about  46  centigrammes  of 
pure  arsenic,  to  be  administered  by  the  stomach  'per  diem. 
This  is  a  colossal  dose  when  compared  with  that  of  the  old 
preparations  of  arsenic  which  can  be  given.  Yet  it  is  a 
mistake  to  suppose  that  the  drug  is  devoid  of  all  toxicity, 
as  has  been  pointed  out  by  Danlos ;  and  certam  experi- 
ments on  animals,  especially  those  of  Langlois,  con- 
vincingly prove  this,  as  also  do  the  still  relatively  frequent 
cases  of  intolerance.  These  facts  sufficiently  explain  the 
necessity  of  the  great  precautions  which  it  is  right  to 
observe  in  the  administration  of   the   remedy,  as  also 
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does  the  inherent  activity  of  the  drug  itself.  Though 
Dalche  and  Danlos  have  been  able  to  administer 
fairly  large  doses  of  cacodylate  to  their  patients 
almost  uninterruptedly  for  weeks  together,  it  has 
not  been  so  with  many  other  physicians  and  with 
A.  Gautier,  who  have  insisted  upon  the  necessity  of 
frequent  interruptions  of  the  treatment.  Usually  the 
drug  is  given  for  eight  days  and  then  the  administra- 
tion is  suspended,  especially  if  the  hypodermic  method 
is  made  use  of,  for  the  same  period ;  it  is  then  once  more 
ordered,  and  so  on.  The  continuation  of  the  treatment 
must  depend  upon  the  general  condition ;  if  during  its 
suspension  and  in  cases  in  which  there  is  no  intolerance 
the  appetite  diminishes,  the  temperature  rises,  the  injec- 
tions may  be  resumed.  On  the  other  hand,  they  should 
be  stopped  if  there  are  signs  of  saturation  of  the  system 
with  congestive  swellings,  or  if  shortness  of  breath, 
elevation  of  temperature,  &c.,  is  complained  of. 

It  should  be  observed  that,  with  A.  Gautier,  when  the 
kidneys  are  sound,  and  of  course  far  more  readily  when 
their  permeability  is  diminished,  the  prolonged  ingestion 
of  cacodylate  of  soda  may  give  rise  to  a  more  or  less 
persistent  albuminuria ;  and  the  administration  of  the 
drug  should  be  suspended  when  there  is  a  tendency  to 
congestions,  hsemorrhages,  and  to  haemoptysis,  and  during 
menstruation. 

What  is  the  physiological  action  of  cacodylic  acid  and 
of  the  cacodylates  ?  There  would  appear  to  be  on  this 
question  two  opposing  theories. 

*  Professor  A.  Gautier  considers  that  arsenic,  in  attaching 
itself  to  the  cell  nucleus,  tends  to  increase  its  vitality,  its 
power  of  reproduction  and  of  regeneration,  and  thus  plays 
a  very  active  part  in  the  process  of  tissue  recuperation.    It 

E  % 
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increases  the  number  of  red  corpuscles  in  the  blood — and 
hence  is  a  factor  in  the  oxidative  function — and  that  of 
the  lymphatic  polynuclear  cells  which  form  protamines 
and  matters  destructive  to  the  pathological  ferments 
and  their  toxins.  For  this  reason  it  is  that  the  appe- 
tite increases,  the  body  weight  goes  up,  the  strength  is 
recovered,  and  the  proportion  of  urea  to  the  chlorides  falls 
in  the  urine.  The  improvement  thus  produced  is  some- 
times lasting.  According  to  this  theory  it  is  obvious  that 
cacodylic  treatment  is  especially  desirable  for  those  patients 
w^hose  assimilative  functions  are  markedly  impaired. 

According  to  Professor  Renaut,^  arsenic  attaches 
itself  to  the  anatomical  elements,  and  preferably  to 
the  neurons,  in  the  nucleus  of  which  it  probably  re- 
places phosphorus.  The  result  of  this  fixation  is  a 
diminution  in  the  excitability  of  the  nerve  cell,  as  is 
proved  by  certain  observations  in  the  field  of  nervous 
pathology.  But  in  wasting  disease,  the  over-activity  of 
destructive  disassimilation  is  the  result  of  nervous  inter- 
ference. If,  therefore,  the  activity  of  the  nervous  system 
can  be  held  in  check,  disassimilation  will  also  be  con- 
trolled and  the  wasting  process  arrested.  As  a  matter 
of  fact,  under  this  treatment  the  body  weight  increases, 
inasmuch  as  disassimilation  is  rendered  less  active,  and 
thus  a  portion  of  the  circulating  nutritive  matters  can 
be  fixed.  At  the  same  time  elimination  by  the  kidneys 
is  diminished  and  the  temperature  lowered  by  the  regu- 
lation of  the  oxidative  process.  Cacodylic  medication 
is  therefore  indicated  in  ivasting  conditions,  according 
to  Eenaut ;  it  is,  on  the  contrary,  contra-indicated  in  the 
case  of  those  patients  whose  coefficient  of  oxidation  is 

1  Academie  de  Medecine,  May  31st,  1899. 
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lowered.  Also  when  the  proportion  of  urea,  of  phos- 
phoric acid,  and  of  all  the  other  stable  elements  are 
markedly  below  the  normal  in  the  urinary  elimination. 

At  first  glance  it  does  not  seem  easy  to  reconcile  these 
two  theories,  or  to  support  one  against  the  other,  and 
this  is  rendered  still  more  difficult  inasmuch  as  the  facts 
relied  upon  by  A.  Gautier  and  Eenaut  are  well  estab- 
lished. Hence  it  is  possible  to  discuss  only  the  interpre- 
tation of  these  facts.  From  this  point  of  view  the  theory 
of  Eenaut  is  much  more  satisfactory  than  is  that  of 
A.  Gautier.  If  arsenic  attaches  itself  to  the  cell  nucleus, 
if  in  a  normal  condition  it  is  met  with  chiefly  in  the 
thyroid  gland,  the  thymus,  the  mammary  glands  and  the 
epidermic  structures,  it  certainly  nevertheless  seems  that 
in  medicinal  doses  its  place  of  election  is  the  nervous 
system.  This  is  proved  by  the  sedative  action  which  the 
drug  exerts  in  the  neuroses  attended  with  excitement, 
neurasthenia,  chorea,  epilepsy,  and  also  by  the  production 
of  those  arsenical  lecithins  which  are  derived  from  the 
degeneration  of  arseniated  nervous  elements.  But  this 
action  shows  that,  whether  or  no  arsenic  replaces  the 
nuclear  phosphorus,  it  poisons  the  cell,  causing  it  to  pass 
from  a  condition  of  functional  activity  to  one  of  degenera- 
tion. And  surely  this  is  what  occurs  in  those  who  are  in 
the  habit  of  taking  arsenic,  and  in  some  of  those  subjected 
to  cacodylic  treatment.  The  adipose  tissue  increases  in 
volume,  yet  this  is  not  the  case  with  the  great  mass  of 
living  plastic  material.  Arsenical  or  cacodylic  intoxica- 
tion diminishes  the  trophic  nervous  excitations;  it  does 
not  increase,  but  on  the  contrary  diminishes,  the  activity 
of  the  synthesis  of  assimilation.  Thus  arsenic  is,  as 
stated  by  Eenaut,  a  tissue-saving  drug.  This  is  the 
reason  why,  when  patients  are  treated  by  the  cacodylates, 
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the  increase  of  weight  (^Yhen  it  occurs,  which  is  not 
invariably  the  case)  appears  earher  than  the  return  of 
appetite,  and  far  earher  than  the  recovery  of  strength, 
which  is,  further,  uncertain  and  transitory. 

This  explanation  of  the  facts  accords  well  with  all 
clinical  experience.  It  is  owing  to  their  relative  toxicity 
— and,  indeed,  chiefly  through  this  toxicity — that  caco- 
dylates  may  be  efficacious  in  wasting  diseases  and  in  infec- 
tions, as  well  as  in  neuroses  accompanied  with  excitement. 
It  is  on  account  of  their  toxicity  and  of  their  particular 
mode  of  elimination  that  the  cacodylates,  or  their  pro- 
ducts of  disintegration,  are  capable  of  exerting  their 
influence  in  pulmonary  tuberculosis  and  skin  diseases. 
The  arsenical  preparations  and  the  cacodylates  seem  to 
increase  the  number  of  red  corpuscles,  but  this  increase 
does  not  necessarily  involve  a  corresponding  fixation  of 
oxygen.  Indeed,  Langlois  has  shown  that,  when  rabbits 
are  subjected  to  cacodylic  treatment,  the  quantity  of 
oxygen  contained  in  the  blood  is  lessened  by  20  per 
cent.  This  observation  is  in  accord  with  one  made, 
we  believe,  by  Renz,  which  goes  to  prove  that  the  air 
expired  by  a  person  undergoing  cacodylic  treatment  con- 
tains 17  per  cent,  of  oxygen  instead  of  the  normal  15*5 
per  cent.  Clearly,  therefore,  there  is  in  this  case  also 
a  diminution  in  the  fixative  power  of  hgemogiobin  for 
oxygen. 

As  to  the  increase  of  the-  polynuclear  lymphoid  cells 
under  the  influence  of  arsenic,  which  was  confirmed  by 
Besredka,  it  would  be  a  mode  of  defence,  not  against 
bacteria,  but  against  the  circulatory  toxins  which  these 
cells  may  possibly  have  the  power  of  concentrating  in 
their  numerous  nuclei. 

There  is  yet  one  more  question.     How  is  cacodylic 
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acid  eliminated  ?  Pagel  ^  has  made  some  experiments 
on  this  subject  on  the  rabbit,  and  he  concludes  that  the 
cacodylates  pass  through  the  economy  without  being 
either  absorbed  or  modified  chemically,  since  they  are 
met  with  unaltered  in  the  urine.  Imbert  and  Bodel 
seem  to  have  obtained  the  same  results  in  man,  and 
Langlois,^  on  the  other  hand,  has  observed  that  a  rabbit 
under  whose  skin  0  gramme  '75  of  cacodylic  acid  has 
been  injected  loses  flesh  and  shortly  dies,  while  if  the 
same  quantity  of  the  drug  is  injected  into  a  vein  no  unto- 
ward result  ensues.  This  can  only  be  due  to  the  fact 
of  the  unalterability  of  the  cacodylic  acid  and  of  its 
rapid  elimination. 

Therapeutics. — The  cacodylates  were  used  in  the  treat- 
ment of  disease  before  we  possessed  the  scanty  knowledge 
which  we  have  to-day  acquired  concerning  their  physio- 
logical action.  It  must  be  admitted  that  this  knowledge 
is  extremely  incomplete,  and  that  from  it  alone  it  is 
impossible  to  make  any  new  use  of  the  drug ;  in  fact,  its 
application  is  almost  that  of  the  old  preparations  of 
mineral  arsenic,  being  used  as  it  is  in  phthisis,  anaemia, 
malarial  fever,  and  skin  disease.  It  may  be  stated  gene- 
rally that  these  are  the  classes  of  disease  amenable  to 
cacodylic  medication :  wasting  maladies,  certain  neuroses, 
and  certain  cutaneous  affections. 

Of  wasting  disease,  tuberculosis,  and  especially  tuber- 
culosis in  its  early  stages,  is  the  one  which  seems  to  be 
most  amenable  to  cacodylate  treatment.  Letulle  has 
reported  three  cases  in  which  remarkable  improve- 
ment occurred;  but  this  improvement  is  not  observed 
in  those  far  advanced  in  the  disease.     Further,  Dalche 

1  Union  pharmac,  Marcli,  1900. 

2  Societe  de  Biologie,  April  28tli,  1900. 
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has  pointed  out  that  there  may  be  a  want  of  agreement 
between  the  favourable  changes  and  the  gravity  of  the 
other  symptoms  of  the  disease.  For  example,  certain 
patients,  although  they  gained  weight,  nevertheless  con- 
tinued to  lose  strength  and  the  pulmonary  symptoms  w^ere 
even  accentuated ;  others,  again,  did  not  increase  in 
weight,  and  the  tubercular  lesions  have  rapidly  advanced. 

In  cancer,  diabetes,  and  Basedow's  disease  Eenaut  has 
observed  a  fairly  marked  improvement  as  the  result 
of  cacodylate  treatment ;  the  same  also  in  anaemia 
according  to  Professor  Hay  em. 

Three  varieties  of  neurosis  have  been  favourably 
influenced  by  cacodylic  treatment;  especially  is  this 
the  case  with  regard  to  excitable  neurasthenic  conditions 
and  epilepsy,  in  w^hich  malady,  according  to  Eenaut,  the 
action  of  bromides  is  considerably  assisted  by  cacody- 
late of  soda ;  again,  chorea  of  Sydenham,  three  cases  of 
which  have  been  successfully  treated  by  Dr.  Garaud,  of 
Saint-Etienne.  Danlos  finds  that  the  internal  adminis- 
tration of  cacodylates,  but  not  their  external  application, 
will  frequently  cure  psoriasis,  but  relapses  are  not 
unusual ;  lichen  planus  and  lupus  erythematosus  are 
improved,  but  in  lupus  vulgaris  and  in  mycosis  f ungoides 
the  results  are  negative. 

In  wasting  disease,  when  it  is  a  matter  of  im2)ortance 
to  keep  the  digestive  functions  in  a  sound  condition,  the 
method  by  hypodermic  injection  is  most  suitable  according 
to  the  following  formula  of  A.  Gautier  : 

Pure  cacodylate  of  sodium        ...       6  grm.  '40 

Distilled  w^ater    ...         100     „ 

Alcool  phenique  ...         ...     10  drops. 

Each   c,Cp  of  this  splution  represents  5  centigrammes 
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of  pure  cacodylic  acid ;  one  c.c.  of  this  solution  may  be 
injected  once  or  twice  daily.  Not  more  than  0  grm.  '10 
of  the  acid  should  be  given  _296r  diem. 

Professor  Eenaut  prefers,  as  already  mentioned,  rectal 
injection.     He  gives  two  formulae  for  this  purpose  : 

1.  Weak  solution — 

Pure  cacodylate  of  sodium       ...       0  grm.  '25 
Distilled  water 200     „ 

2.  Strong  solution — 

Pure  cacodylate  of  sodium        ...       0  grm.  '40 

Distilled  water 200     „ 

Each  rectal  injection  consists  of  5  c.c. ;  two  injections 
should  be  given  j)er  diem  for  six  days ;  three  during  ten 
days ;  then  a  suspension  for  five  days  should  follow  ; 
afterwards  the  series  is  repeated.  As  for  the  method 
of  administration  by  the  mouth,  it  has  been  superseded 
by  the  employment  of  disodic  methylarsinate. 

C.  Disodic  Methylarsinate. 

General  Considerations. — It  has  been  recently  demon- 
strated that  the  cacodylates,  in  spite  of  their  great 
therapeutic  value,  are  very  far  from  being  free  from 
drawbacks,  drawbacks  to  which  we  have  been  compelled 
to  refer  (see  p.  49).  Amongst  these  disadvantages 
should  be  mentioned  the  practical  difficulty  of  their 
administration  and  the  cost  of  treatment  by  the  hypo- 
dermic method ;  further,  patients  do  not  like  this  mode 
of  administration  when  it  is  of  long  duration.  Yet  this 
method  of  administration  is  really  rendered  necessary 
by  the  toxic  results  of  treatment  when  the  drug  is  given 
by  the  mouth ;  further,  when  given  by  the  mouth  after 
two  r)v  three  months  the  effect  of  the  remedj  seem3 
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to  be  exhausted   (Pujade) — a  condition  of  tolerance  is 
established  which  renders  further  treatment  useless. 

In  endeavouring  to  find  an  organic  combination  of 
arsenic  free  from  these  drawbacks,  and  which  could  be 
administered  by  the  mouth  for  a  long  time  without  danger, 
Professor  A.  Gautier,  with  the  aid  of  Dr.  Mouneyrat, 
discovered  the  remarkable  therapeutical  properties  of 
disodic  methylarsinate.  The  acid  of  this  salt — methyl- 
arsinic  acid — had  been  previously  chemically  studied  by 
Baeyer,  and  the  salt  is  now  known  under  the  name  of 
arrhenal  in  order  to  prevent  it  being  confounded  with 
methylarseniate  of  soda,  which  is  extremely  poisonous. 

Cltemistv)/. — Disodic  methylarsinate  does  not  belong 
to  the  cacodj'late  family,  although  it  possesses  analogous 
therapeutic  properties.  Its  formula  is  CH'^  AsO"^  Na-,  it 
contains  also  5  water  of  crystallisation.  Thus  methyl- 
arsinic  acid  is  distinguished  from  cacodylic  acid  by  the 
fact  that  one  of  the  methyl  groups  of  the  latter  is 
replaced  by  OH. 

From  the  chemical  constitution  of  this  substance  alone 
a  first  advantage  arises,  for,  when  decomposed  in  the 
body,  arrhenal  does  not  give  rise  to  oxide  of  cacodyle  ;  in 
order  that  the  latter  may  be  produced  there  must  be  two 
methyl  groups  attached  to  arsenic.  But  inasmuch  as 
gastro-intestinal  complications,  congestion  of  the  kidney 
and  the  disagreeable  garlic  odour  of  the  breath  and  per- 
spiration, are  caused  by  oxide  of  cacodyle,  there  is  no 
danger  of  these  drawbacks  occurring  when  arrhenal  is 
made  use  of.  Arrhenal  is  a  white  crystalline  salt,  the 
crystals  being  prismatic.  It  effloresces  in  dry  air,  losing 
its  water  of  crystallisation ;  it  melts  at  139°  to  140°  C, 
when  it  is  not  desiccated;  when  this  is  the  case,  it  decom- 
poses without  fusion  above  300°  C,  giving  off  metalloid 
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arsenic.  It  possesses  a  basic  reaction  (reddening  pheno- 
phthalein),  and  a  taste  similar  to  that  of  bi-carbonate  of 
soda.  It  is  soluble  in  water,  less  so  in  alcohol;  insoluble 
in  ether,  benzine  and  oils.  As  it  is  very  stable,  its 
solutions  can  be  sterilised  without  any  inconvenience. -"^ 

Physiology. — We  must  now  examine  the  physiological 
properties  of  this  new  drug,  since  its  therapeutical  appli- 
cation is  based  upon  a  knowledge  of  these  properties. 
Although  up  to  the  present  time  but  few  conclusive  experi- 
ments have  been  made,  yet  there  are  certain  definite 
results  which  are  based  on  recorded  observations. 

In  the  first  place,  it  appears  that  this  remedy  exerts  a 
controlling  action  upon  metabolism.  As  is  well  known, 
most  of  the  arsenical  preparations  are  endowed  with 
this  property,  but  this  remedy  a^^pears  to  be  especially 
definite  in  this  respect,  inasmuch  as  this  property  is 
not  concealed  by  toxic  phenomena.  In  three  cases  of 
pulmonary  tuberculosis  observed  by  Dr.  A.  Eobin,  in 
which  the  gaseous  exchanges  were,  as  is  the  rule  in 
this  affection,  greatly  increased,  disodic  methylarsinate 
diminished  the  chimisme  respiratoire,  so  that  it  became 
almost  normal.  This  reduction  of  activity  as  regards 
the  gaseous  exchanges  explains,  as  we  have  elsewhere 
shown, ^  on  the  one  hand,  the  return  of  appetite,  and 
on  the  other,  the  increase  of  body  weight  on  the  part  of 
patients  undergoing  the  treament. 

As  to  the  changes  in  the  urine,  Professor  A.  Gautier^ 

1  Dr.  Mouneyrat :  "Methylarsinate  de  sonde"  {Bull,  des  Sciences 
pharmacologigues,  March,  1902). 

2  "  Physiologie  generale :  metabolisme "  (Paris,  1897),  and 
above,  p.  53. 

^  "  Sur  le  methylarsinate  de  sonde,"  and  "  Snr  nn  traitement 
specifiqne  tres  pnissant  des  fievre  palndeennis"  (Ac.  de  Medec, 
Febrnary  11th— 25th,  1902). 
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says:  ''In  patients  undergoing  the  treatment,  the  total 
urinary  residae,  the  organic  matters,  the  urea  and  uric 
acid,  the  salts,  the  alkaline  chlorides,  total  phosphoric 
acid  and  total  nitrogen,  also  the  urinary  acidity,  rapidly 
increase  "  ;  but  this  result  must  be  interpreted  in  such  a 
manner  that  the  relation  of  exchange  is  allowed  for. 
This  is  necessary  because,  although  tubercular  patients 
consume  a  larger  quantity  of  food  on  account  of  the 
return  of  appetite,  nevertheless  the  coefficients  of  the  total 
demineralisation  and  of  that  of  the  tissues  are  reduced, 
as  also  is  the  coefficient  of  nitrogen,  and  this  chiefly,  as 
is  obvious,  in  those  patients  who  are  overfed. 

From  what  has  just  been  said,  the  conclusion  may  be 
drawn  that  arrhenal,  like  the  cacodylates,  is  a  drug  which 
economises  tissue  consumption. 

And  yet  in  other  maladies — in  chlorosis,  certain 
neuroses,  chronic  malarial  affections — it  w^ould  seem  to 
act  differently,  inasmuch  as  the  gaseous  exchanges  are 
increased  and  the  nitrogen  coefficient  rises.  But  this  is 
not  so  in  reality,  as  will  be  seen. 

The  influence  of  arsenic  in  improving  the  condition  of 
the  blood  has  been  long  known,  but  it  is  only  quite 
recently,  and  especially  since  the  observations  of 
Besredka,  that  the  cause  thereof  has  been  ascertained. 
Arsenic,  indeed,  exerts  an  energetic  positive  chemiotaxis 
as  regards  the  lymphocytes,  and  more  especially  the 
large  mononuclear  lymphocytes,  which  are  not  merely  the 
phagocytes  of  malarial  hgematozoa,  but  are  also  agents  by 
which  toxins  are  seized  and  destroyed.  By  increasing  the 
number  and  activity  of  the  special  phagocytic  elements, 
treatment  by  arrhenal  arrests  deglobulisation,  and  thus 
indirectly  favours  the  production  of  hsematoblasts  and  of 
red  corpuscles,  and  consequently  increases  the  quantity  of 
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hsemoglobin,  as  well  as  the  consumption  of  oxygen  and  the 
oxidations  and  the  gaseous  exchanges.  This  has  been 
confirmed  by  Dr.  Billet  and  A.  Gautier  in  nine  cases  of 
severe  malaria  as  the  result  of  the  employment  of  the 
methylarsinate. 

The  mononucleosis  which  is  brought  about  by  the 
employment  of  organic  combinations  of  arsenic  affords 
an  explanation  of  the  results  of  treatment  by  arrhenal 
upon  the  nervous  system  and  fever.  A.  Gautier  has 
pointed  out  that  arsenic  should  be  previously  appropriated 
and  transformed  by  the  mononuclear  corpuscles  before 
being  made  use  of  in  the  economy,  and  Professor 
Eenaut,  of  Lyons,  has  shown  that  arsenic,  thus  modified, 
by  preference  attaches  itself  to  the  nervous  system,  in 
which  it  partially  replaces  phosphorus,  whence  the  origin 
of  those  arsenical  lecithins  whose  existence  is  well  known. 
The  consequence  of  this  appropriation  of  arsenic  by  the 
neuron  is  clearly  a  corresponding  modification  of  its 
functional  reactions  and  of  its  properties,  which  is  mani- 
fested also  by  a  diminution  of  its  excitability.  But  are 
not  tubercular  wasting  and  febrile  elevation  of  tem- 
perature under  the  influence  of  the  nervous  system? 
Further,  in  moderating  the  excitability  of  the  neuron  and 
its  reactional  aptitude,  are  not  at  the  same  time  both 
wasting  and  fever  controlled,  and  indirectly  regulated,  as 
well  as  the  oxidative  and  assimilative  process,  since, 
although  it  may  at  the  present  day  be  difficult  to  admit 
the  existence  of  centres  and  nerves  which  possess  trophic 
function,  yet  the  nervous  co-operation  must  surely  be 
allowed  to  possess  a  preponderating  influence  on  the 
healthy  nutrition  of  the  tissues  ? 

Such  is,  then,  the  essential  mechanism  by  which  the 
action  of  arrhenal  is  carried  out.     And  a  positive  proof 
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of  the  accuracy  of  this  explanation  is  furnished  by  the 
satisfactory  results  which  attend  the  administration  of 
arrhenal,  on  the  one  hand,  in  certain  neuroses,  chorea, 
hysterical  chorea  and  epilepsy,  as  also  in  vomiting  of 
pregnancy  of  central  origin,  and  on  the  other,  in  cutaneous 
affections  in  which  nutritive  troubles  and  those  of  the 
nervous  system  take  part. 

In  fine,  and  apart  from  the  very  slight  toxicity  of  the 
drug,  which  fortunately  permits  its  continued  employ- 
ment, the  fundamental  property  of  arrhenal  is  its 
moderating  action  on  the  excitability  of  the  nervous 
system,  an  action  which  holds  in  check  the  influence  of  the 
latter  on  metabolism  and  blood  formation,  reflex  excita- 
tion, fever  and  wasting.  Upon  this  fundamental  property 
all  the  therapeutic  applications  of  disodic  methylarsinate 
are  founded. 

Therapeutical  Applications. — These  are  numerous,  but 
may  be  arranged  in  four  groups. 

1.  Tuherculosis  and  the  stage  preceding  tuberculosis. 
Even  when  tuberculosis  is  advanced  and  accompanied 
with  febrile  symptoms,  arrhenal  has  given  encouraging 
results,  less  certain  and  less  satisfactory,  it  is  true,  than 
when  the  disease  is  in  an  earlier  stage,  for  it  seems  that 
then  cure,  if  not  the  rule,  is  at  least  frequent.  In  any 
case,  as  is  proved  by  observations  collected  by  Professor 
A.  Eobin  and  A.  Gautier,  the  appetite  and  strength  are 
increased,  sleep  becomes  calm,  night  sweating  is  less 
marked,  and  the  body  weight  augments.  All  these  results 
are  also  attained  when  the  cacodylates  are  made  use  of, 
but  under  treatment  by  arrhenal  they  become  more  con- 
stant, regular  and  progressive,  instead  of  being  more  or 
less  temporary.  Not  seldom  fever  vanishes,  and,  if  not 
too  far  advanced,  the  pulmonary  lesions  have  a  tendency 
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to  sclerose.  At  the  same  time,  naturally,  dyspnoea,  cough 
and  expectoration  become  less  marked,  and  may  even 
wholly  disappear. 

But  is  this  improvement  a  permanent  one  ?  It  is  not 
easy  to  answer  this  question  at  the  present  time,  for  the 
cases  hitherto  observed  are  too  few  in  number  and  their 
duration  too  short.  As  regards  those  patients  who  are 
seriously  ill  and  in  whom  the  temperature  in  the  evening 
exceeds  39°  C,  the  lesion  being  severe  and  widely 
diffused,  it  is  clear  that  any  improvement  must  be  but 
temporary.  But  when  the  malady  is  apyretic  and  not 
severe  and  when  the  general  nutrition  is  good,  we 
have  every  reason  to  believe  that  it  will  not  be  the 
same.  The  ease  with  which  disodic  methylarsinate 
can  be  administered,  its  almost  absolute  innocuous- 
ness,  the  fact  that  by  regulating  the  treatment,  danger 
of  accumulation  can  be  avoided,  certainly  support  the 
hope  that  definite  results,  indeed  that  actual  cure,  will 
ensue,  and  that  the  latter  will  be  maintained  by  the 
adoption  of  appropriate  dietetic  and  hygienic  measures. 

For  these  reasons  Drs.  Pujade  and  Gilbert  have  been 
able  to  record  favourable  results  from  the  use  of  arrhenal 
in  emi^hysema,  asthma,  chronic  bronchitis  and  influenza, 
as  also  in  certain  cases  of  ganglionic  leukcemia,  and  in  local 
and  general  adenopathy,  which  is  a  frequent  forerunner, 
especially  in  children,  of  tuberculosis. 

2.  In  malaria  and  malarial  fevers  the  result  of  this 
treatment  is,  according  to  Dr.  Billet,  constant,  definite 
and  decisive.  Whatever  may  be  the  type  of  the  fever, 
even  in  the  pernicious  forms,  the  attacks  disappear,  and 
do  not  return  when  disodic  methylarsinate  is  given 
two  or  three  times  at  most  by  means  of  hypodermic 
injection.     The  mechanism  of  this  prompt  and  efficacious 
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action  is  now  understood,  but  it  is  very  important 
to  know  that  arrhenal  offers  two  inestimable  advantages 
over  quinine  and  its  salts.  First,  the  digestion  is  not 
upset,  as  is  so  often  the  case  when  large  and  repeated 
doses  of  quinine  are  given ;  indeed,  the  previously  dis- 
organised digestion  becomes  again  normal,  inasmuch  as 
patients  the  day  after  the  last  attack  of  fever  ask  for 
food  and  the  digestive  functions  rapidly  become  stronger. 
Secondly,  the  deglobulisation,  which  is  increased  by  each 
attack,  and  by  every  dose  of  quinine,  no  longer  occurs,  as 
has  been  already  referred  to  ;  on  the  contrary,  a  powerful 
hsematopoietic  action  is  exerted,  so  that  from  the  very  com- 
mencement of  the  treatment,  as  pointed  out  by  A.  Gautier, 
malarial  anaemia  is  suppressed.  These  advantages, 
together  with  the  phagocytic  and  special  antipyretic 
action  of  arrhenal,  must  lead  to  the  conclusion  that  this 
new  remedy  is  the  veritable  specific  in  malarial  fever. 

3.  Certain  neuroses,  and  more  particularly  epilepsy, 
hysterical  chorea  and  Jiemichorea,  and  the  chorea  of 
Sydenham,  which  are,  according  to  Piobin  and  Yariot, 
greatly  benefited  and  their  course  abbreviated.  Lastly, 
in  vomiting  of  pregnancy  of  central  origin,  which  is, 
according  to  Pinard,  rapidly  cured. 

4.  In  many  cutaneous  diseases,  such  as  psoriasis  and 
eczema,  arrhenal  has  the  great  advantage  over  the  caco- 
dylate  of  being  capable  of  long  administration  without 
any  unpleasant  effects  arising;  perhaps  in  syphilis  which, 
according  to  A.  Eobin,  is  rapidly  cured  so  far  as  regards 
its  cutaneous  manifestations,  and  those  affecting  the 
mucous  membranes ;  and  also  in  cancer,  according  to 
Dr.  Petrini.  As  regards  the  latter  malady,  it  should  be 
observed  that  arrhenal  seems  to  exert  a  sedative  action 
on  pain  and  general  excitability,  and  at  the  same  time 
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a  stimulating  effect  on  the  appetite  and  assimilative 
functions.  It  appears  also  to  retard  the  progress  of 
cancerous  wasting. 

Mode  of  Administration  and  Dose. — The  administration 
of  arrhenal  is  both  simple  and  easy,  but  it  is  absolutely 
essential,  as  will  be  easily  understood,  that  the  sample  used 
should  be  chemically  pure  and  free  from  every  arsenical 
mineral  contamination  by  which  it  could  be  rendered 
poisonous.  The  ordinary  mode  of  administration  is  by 
the  mouth  in  doses  of  2  to  3  centigrammes 2^er  diem,  5  centi- 
grammes at  the  most  being  given.  In  no  case  except  in 
malarial  fever  and  vomiting,  is  it  necessary  to  exceed 
this  quantity,  because  if  it  be  thoughtlessly  increased 
there  is  a  great  risk  of  inducing  disagreeable  complica- 
tions, colic,  diarrhoBa,  congestions,  particularly  of  the 
lungs.  Arrhenal  is  given  with  meals  (it  does  not  exert 
any  inhibitory  action  on  the  digestive  process)  in  the 
form  of  granules,  each  containing  1  centigramme,  or 
in  a  solution^  of  which  five  accurately  measured  drops 
correspond  to  1  centigramme  of  the  drug. 

In  some  cases,  and  especially  in  those  of  severe  attacks 
of  malarial  fever  and  in  vomiting  of  pregnancy  in  which  it 
is  desirable  to  give  larger  doses,  and  in  which  it  is  necessary 
to  avoid  irritating  the  stomach,  the  remedy  should  be  given 
by  hypodermic  injection.  For  this  purpose  a  sterilised 
solution,  1  in  40,  is  prepared,  of  which  each  c.c.  contains 
25  milligrm.  of  arrhenal.  Of  this  solution  1  to  4  c.c.  are 
administered  p-o  die  according  to  circumstances.  These 
injections  are  not  painful,  and  are  always  well  borne, 

Lastly,  in  carrying  out  this  treatment,  it  is  necessary 
to  proceed  in  such  a  way  that  the  daily  amount  of  the 

^  It  is  a  standardised  solution,  and  the  drojis  are  calculated  by 
the  compte-f/outtes  ordinaire,  or  medicine  dropijer. 

M.T.  F 
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drug  used  is  given  in  fractional  doses,  and  also  to  interrupt 
the  treatment  in  a  methodical  manner.  The  quantity  of 
5  centigrammes  pro  die  should  be  taken  preferably  in  two 
doses,  and  should  not  be  continued  for  more  than  from 
four  to  seven  days  at  the  most  (A.  Gautier  says  five  days) ; 
then  the  treatment  should  be  suspended  during  a  similar 
period,  being  afterwards  resumed,  and  so  on.  If  the 
treatment  is  carried  on  without  a  break  for  more  than 
from  ten  to  twelve  days  the  results  will  not  be  satis- 
factory, for  symptoms  will  arise  which  indicate  an 
accumulation  of  the  drug  in  the  system.  But  if  great 
care  is  taken  to  observe  these  regular  interruptions  and 
renewals  in  the  administration  of  the  remedy,  no  dis- 
agreeable symptoms  will  arise,  neither  dyspepsia  nor 
gastritis,  colic,  diarrhoea,  no  garlic  odour  of  the  breath, 
sweat,  or  skin  ;  no  renal,  hepatic  or  pulmonary  conges- 
tion, and  consequently  no  albuminuria ;  no  fatty  degene- 
ration of  the  liver,  cutaneous  eruptions,  nor  paralysis,  &c. 
In  all  cases  in  which  there  is  hepatic  insufficiency, 
cirrhosis,  cardiac  weakness,  with  intestinal  haemorrhage 
or  hcemoptysis,  the  action  of  the  drug  should  be  most 
carefully  w^atched,  and  only  the  smallest  doses  should 
be  made  use  of. 

D.  Derivatives  of  Vanadium. 

Chemistry. — Of  late  years  attention  has  been  called  to  the 
therapeutic  properties  of  certain  derivatives  of  vanadium, 
and  especially  of  vanadic  acid  and  the  metavanadates,  all 
of  which  are  thought  to  be  powerful  agents  in  modifying 
the  nutrition  and  cellular  exchanges. 

Vanadic  acid  is  derived  from  vanadic  anhydride  Ya-0^ 
in  the  presence  of  water,  and  it  forms  with  bases  a 
number  of  different  salts,  some  of  which  are  neutral  and 


DEEIVATIYES   OF  VANADIUM.  67 

others  acid.  These  last  are  the  hi-  tri-  tetra-  and  penta- 
vanadates.  The  first,  the  ortho-  meta-  para-  vanadates, 
heing  very  nnstahle,  are  easily  converted  one  into  the 
other,  and  are  derived  from  the  three  allotropic  forms 
of  vanadic  acid.  The  metavanadate  alone  is  officinal,  and 
metavanadate  of  soda  is  a  white  solid  body,  crystalline, 
tasteless,  and  fairly  soluble  in  water.  Nevertheless, 
Laran  makes  use  of  pure  vanadic  acid ;  and  vanadates 
of  lithia  and  of  iron,  phosphovanadates  of  soda,  &c., 
have  been  prepared,  but  their  properties  are  still  imper- 
fectly understood.  As  regards  vanadine  of  Helouis,  it 
appears  to  be  composed  of  a  salt  of  tetroxide  of  vanadium 
allied  with  an  oxidising  substance,  perhaps  chlorate  of 
soda  ;  but,  inasmuch  as  its  composition  is  not  accurately 
known,  we  can  do  no  more  than  mention  it  in  this 
investigation. 

The  therapeutic  application  of  the  vanadium  salts  was 
suggested  by  their  most  remarkable  property,  their 
power  of  oxidation  in  the  presence  of  the  alkaline 
chlorates.  Hautefeuille  and  Bereswill,  and,  later,  Witz 
and  Osmond,  have  proved  that  when  vanadic  acid 
comes  in  contact  with  certain  organic  combinations  and 
with  an  oxidising  substance,  it  gives  up  its  oxygen 
to  the  organic  matter  and  is  transformed  into  hypo- 
vanadic  acid ;  then,  taking  up  oxygen  from  the  oxidising 
substance,  it  again  becomes  vanadic  acid,  and  so  on. 
Certain  derivatives  of  vanadium  are  thus  purveyors  of 
oxygen,  permanent  oxidising  agents^  and  this  property 
has  been  successfully  made  use  of  in  chemical 
industries,  more  especially  in  dyeing. 

This  carrying,  or  shuttle,  action  of  vanadic  acid  at 
once  suggests  the  same  function  which  in  the  blood  is 
performed  by  the  hsemoglobin.     Witz  and  Osmond  thus 

f2 
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^^Tite  on  the  matter:  *^When  it  is  remembered  that 
haemoglobin  normally  performs  in  the  blood  that  identical 
function  which  vanadium  does  in  the  preparation  of 
aniline  black  by  means  of  the  chlorates,  it  is  not 
difficult  to  realise  that  vanadium  may  possibly  play 
the  same  role  in  causing  oxidation  of  a  special  nature, 
of  the  human  tissues,  and  may  thus  be  possessed  of  very 
interesting  and  imj)ortant  physiological  properties." 

This  idea  has  been  confirmed  by  Bunge's  researches, 
for  he  has  proved  that  the  transformations  of  haemoglobin 
are  analogous  to  those  which  ferrous  and  ferric  oxide 
undergo  in  Nature,  as  also,  according  to  Pouchet  and 
Eoux,  protoxide  and  dioxide  of  manganese.  The  applica- 
tion of  the  idea  was  still  further  extended  when  Laumonier 
proved,  with  regard  to  haemocyanine  of  the  Crustacea 
and  of  certain  molluscs,  that  the  sole  powers  of  iron, 
copper,  and  manganese  consisted  in  their  marked  oxidising 
action. 

In  the  animal  organism  the  to-and-fro  movement  of 
the  atoms  of  oxygen  around  a  body,  which  itself  under- 
goes no  change,  supplies  the  economy  with  the  amount 
of  oxygen  necessary  for  the  production  of  its  requisite 
force.  But  when,  for  some  reason  or  other,  blood  forma- 
tion is  imperfect,  when  the  intraorganic  combinations 
are  diminished,  it  may  be  possible  to  make  use  of  the 
oxidising  properties  of  certain  substances,  to  administer 
purveyors  of  oxygen,  such  as  iron,  which  may  be  able  to 
supply  in  a  certain  degree  the  deficiency  of  physiological 
oxygen,  which  may  contribute  to  increase  the  activity  of 
the  oxidative  processes,  and  thus  on  the  one  hand  to 
augment  the  production  of  energy  and,  therefore,  the 
assimilative  functions,  and  on  the  other  hand,  to  weaken 
the  virulence  of   certain  bacteria  and  to  diminish  by 
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oxidation  the  toxicity  of  their  secretory  products.  Such 
are  the  theoretical  considerations  which  have  suggested 
the  employment  of  the  derivatives  of  vanadium  as  thera- 
peutical agents. 

However,  if  the  derivatives  of  vanadium  yield  oxygen 
to  organic  matters  with  which  they  come  in  contact,  it 
is  natural  to  inquire  as  to  the  source  of  the  oxygen  which 
they  themselves  contain.  In  the  production  of  aniline 
black  it  must  certainly  be  admitted  that  the  salts  of 
vanadium  remove  from  the  chloric  acid  the  oxygen 
which  they  then  give  up  to  the  aniline.  But  as  regards 
their  therapeutic  action,  what  is  the  nature  of  the  sub- 
stance which  thus  lends  itself  to  the  cyclic  transformations 
of  vanadium  ?  The  uncertainty  on  this  point  is  so  com- 
plete that  the  inventor  of  Vanadine  has  associated  with  the 
salt  of  vanadium  which  is  made  use  of,  an  oxidising  sub- 
stance, itself  peculiarly  fitted  to  give  up  its  oxygen  little 
by  little.  Leaving  out  of  account  the  possible  toxicity  of 
the  product  thus  disoxygenated,  it  must  be  remembered 
that  the  quantities  of  vanadium  and  of  the  associated 
oxygenating  substance  (chlorate  of  soda,  for  example) 
daily  ingested  are  so  small  that,  if  the  oxidation  is 
directly  brought  about,  that  is  to  say  is  effected  once  and 
for  all,  there  cannot  be  any  appreciable  increase  in  the 
intraorganic  combustion.  This  aspect  of  the  question 
has  led  the  Lyons  authors  to  adopt  another  interpreta- 
tion of  the  phenomena.  They  regard  the  oxidation 
effected  by  vanadium  as  being  indirect,  this  substance  in 
infinitesimal  doses  acting  exactly  in  the  same  manner  as 
the  oxidising  ferments  or  oxydases,  and,  indeed,  by  an 
action  whose  mechanism  is  unknown. 

But  this  mode  of  solving  the  problem  seems  to  us,  for 
the   present   at   all   events,  to  be  useless,   for,   as   we 
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shall  see  further  on,  the  oxidising  power  of  the  vanadium 
salts  in  the  organism  is  either  nil,  or  at  all  events  very 
limited.  Perhaps  this  may  be  so  because  vanadium 
does  not  easily  find  in  the  bodily  structures  those 
matters  which  are  capable  of  furnishing  the  oxygen 
necessary  for  cyclical  transformations. 

Physiology. — Let  us  now  proceed  to  the  physiological 
action  of  vanadium.  In  the  first  place  the  derivatives  of 
vanadium  are  very  toxic;  when  injected  into  a  vein 
17  milligrm.  of  metavanadate  of  soda  will  suffice, 
according  to  Lyonnet,  Martz,  and  Martin,  to  kill  in  a  few 
minutes  a  kilogramme  of  rabbit.  When  given  by  the 
mouth  a  much  larger  dose  (20  centigrammes)  is  neces- 
sary, and  death  does  not  occur  until  after  the  lapse 
of  twelve  hours.  The  dog  is  capable  of  greater  resist- 
ance ;  according  to  the  authors  named  75  milligrm.  of 
metavanadate  of  soda  are  required  in  order  to  kill  a  kilo- 
gramme. Hallion  and  Laran  find  that  vanadic  acid 
kills  a  dog  in  doses  of  8  milligrm.  the  kilogramme,  and 
metavanadate  of  soda  in  doses  of  11  to  23  milligrm., 
according  to  circumstances.  Laran  has  shown  that  it  is 
very  difficult  to  determine  precisely  the  lethal  quantity  by 
ingestion,  inasmuch  as,  when  more  than  3  milligrm.  per 
kilogramme  are  given,  the  animal  vomits  the  contents 
of  the  stomach.  All  the  animals  die  suffering  from 
dyspnoea,  which  is  usually  severe ;  the  rabbit  is  con- 
vulsed, and  the  dog  often  presents  a  marked  lowering 
of  temperature.  At  the  autopsy  nothing  more  than  con- 
gestion of  the  kidneys  and  of  the  liver,  sometimes  fatty 
degeneration  of  the  liver,  more  rarely  of  the  heart,  are 
usually  to  be  found ;  but,  and  this  is  curious,  the  red 
corpuscles  are  never  affected  at  any  period  of  the 
poisoning  process. 


DEEIYATIVES   OF   VANADIUM.  '  71 

As  Manquat  has  observed,  the  properties  of  the  deriva- 
tives of  vanadium  being  what  the}^  are,  it  is  very  difficult 
to  explain  the  absence  of  any  change  in  the  red  blood 
corpuscles. 

With  regard  to  the  action  of  vanadium  on  the  cardio- 
vascular system,  opinions  are  not  unanimous.  While 
Lyonnet,  Martz,  and  Martin  think  that  neither  the 
heart  nor  the  general  circulation  is  affected,  and  that 
they  perform  their  duties  quite  in  a  normal  manner, 
Hallion  and  Laran,  on  the  contrary,  maintain,  following 
the  views  of  Robert,  that  circulatory  troubles  are  induced 
which  have  some  resemblance  to  those  resulting  from 
the  action  of  digitalis.  Hence  it  follows  that  the  com- 
pounds of  vanadium  should  only  be  used  when  every 
possible  precaution  is  observed. 

According  to  the  authors  just  referred  to,  the  following 
effects  are  noticed — first,  active  arterial  contraction  and 
consequent  rise  in  the  arterial  pressure  ;  later,  relaxation 
of  the  vessels  and  fall  of  pressure.  As  regards  the 
heart,  its  contraction  is  in  the  first  instance  rendered 
more  forcible :  afterwards  it  becomes  slow  and  irregular, 
weak,  and  finally  stops  beating,  but  not  until  respira- 
tion has  ceased.  How  is  it  that  such  important  pheno- 
mena should  have  eluded  the  observation  of  the  Lyons 
authorities  ?  Can  it  be  that,  as  Anceau  believes,  the 
extreme  dyspnoea  which  animals  under  the  influence 
of  vanadium  manifest  concealed  the  cardio-vascular 
complications  ? 

In  the  case  of  animals  to  which  large  doses  have  been 
given,  but  still  not  sufficiently  large  to  cause  immediate 
death,  loss  of  appetite,  wasting,  and  finally  death  ensue ; 
whilst  when  very  small  quantities  of  vanadic  acid  or  of 
metava;iadate  are  administered  a   marked  increase  of 
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appetite  results,  as  well  as  a  gain  of  boch-  weight  and  of 
the  general  strength. 

These  latter  phenomena  have  also  been  observed  in 
man  when  therapeutic  doses  of  the  salts  of  vanadium 
have  been  given.  But  the  question  is,  what  kind  of 
interpretation  can  be  given  to  these  results?  It  might 
be  thought  a  'priori  that  the  phenomena  are  due  to  the 
over-activity  of  the  intraorganic  oxidative  processes  under 
the  influence  of  vanadium ;  but  this  is  not  so,  for  this  in- 
creased oxidation  appears  to  be  extremely  problematical, 
at  all  events  in  practical  therapeutics. 

Indeed,  Lj^onnet,  Martz,  and  Martin  have  shown  that, 
in  vitro,  the  vanadates  when  employed  in  therapeutical 
doses,  have  no  appreciable  influence  on  the  digestive 
juices,  or  on  the  sugar  contained  in  the  blood  or  on 
yeast.  Further,  these  salts  have  an  extremely  weak 
antiseptic  influence,  contrary  to  what  might  have  been 
anticipated  from  the  consideration  of  their  power  of 
oxidation.  In  the  living  animal  this  action  is  not  more 
obvious ;  there  is  no  alteration  as  regards  the  haemo- 
globin, as  has  already  been  observed.  The  coefficient  of 
nitrogenous  oxidation  of  the  urine  is  scarcely  raised  : 
passmg  from  0*76  to  O'SO  and  from  0"83  to  0"8-I,  as 
in  the  cases  reported  by  Lyonnet,  Martz,  and  Martin, 
or  from  0'79  toO'82,  as  in  the  case  quoted  by  Laumonier; 
Manquat  has  not  observed  any  marked  rise  in  this 
coefficient. 

Thus  from  the  few  definite  observations  which  have 
been  made,  it  can  only  be  concluded  that  up  to  the  present 
time  vanadium  does  not  produce  in  the  animal  body  that 
increased  combustion  of  the  organic  matters  on  which, 
theoretically,  so  many  bright  hopes  have  been  founded. 
Hence  it  must  be  that  the  return  of  appetite,  the  increase 
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of  body  weight,  which  have  been  so  frequently  observed, 
are  the  result  of  other  causes ;  and  it  is  possible  that 
Berthail  is  not  far  from  the  truth  when  he  suggests  that 
the  aperient  effect  of  the  vanadates  is  due  to  the  stimu- 
lation of  function  which  they  exercise  on  the  stomach. 
It  follows  that  such  a  stimulation  would  naturally  lead 
to  an  increased  activity  of  digestion  and  to  an  increased 
deposit  of  fat,  and  hence  to  a  rise  in  body  weight. 
Certain  circumstances  would  seem  to  support  this  manner 
of  regarding  the  facts :  thus  the  improvement  which 
results  only  continues  so  long  as  the  administration  of 
the  remedy  is  persisted  in  ;  there  is  no  accumulative 
effect,  the  action  being  purely  local  and  specific.  On 
the  other  hand,  if  Lyonnet  has  not  been  able  to  find 
more  than  traces  of  vanadium  in  the  urine  of  a  dog 
poisoned  by  the  metal,  Helouis  has  proved  that  a  portion 
of  the  ingested  vanadium  is  eliminated  with  the  intestinal 
excreta  and  another  portion  by  the  urine.  Lastly,  in  cer- 
tain forms  of  dyspepsia  the  gastric  function  is  certainly 
favourably  influenced  by  vanadium.  And  it  must  be 
admitted  that  Berthail's  theory  perfectly  explains  the 
amelioration  of  symptoms  observed  in  chlorosis,  anaemia, 
and  in  the  wasting  attending  nervous  anorexia,  &c., 
without  the  necessity  of  invoking  the  oxidative  power  of 
vanadium. 

Clearly  the  increase  of  appetite  and  the  consequent 
ingestion  of  a  larger  amount  of  food  may  produce  an 
increased  vigour,  but  this  does  not  necessarily  occur, 
for  the  matters  absorbed,  instead  of  being  made  use  of 
by  assimilative  synthesis,  may  be  simply  deposited  as 
reserves;  this  latter  is,  physiologically,  a  wholly  different 
process. 

To  sum  up :    the  derivatives  of  vanadium  are  very 
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poisonous;  they  cause  cardio-vascular  troubles,  vomiting 
and  diarrhoea.  In  therapeutic  doses  their  antiseptic 
power  is  very  weak  and  their  oxidising  properties  are 
extremely  slight ;  thus  in  serious  infections,  contrary  to 
theoretical  preconceptions,  they  are  practically  inert  both 
on  bacteria  and  their  toxins.  Their  chief  action  would 
appear  to  be  on  the  stomach,  by  stimulating  the  organ  ; 
hence  appetite  is  increased,  and  increase  in  weight  and 
gain  of  strength  may  result.  But  this  action  is  tem- 
porary, and  can  only  lead  to  a  rehabilitation  of  health 
by  indirect  means — by  superalimentation.  Finally, 
these  preparations  have  an  aperient  action.  This  pro- 
perty is  a  valuable  one,  because,  although  the  increase 
of  appetite  does  not  of  necessity  imply  a  corresponding 
increase  in  assimilative  power,  yet  it  is  a  very  encourag- 
ing factor  as  regards  the  patient's  mental  condition — it 
supports  him,  makes  him  hopeful,  and  hence  gives 
opportunity  for  the  adoption  or  the  continuance  of  treat- 
ment the  effects  of  which,  if  less  apparent,  are  nevertheless 
more  certain. 

Therapeutics. — Although  experimental  results  have 
only  to  a  very  limited  extent  confirmed  theoretical  antici- 
pations, yet  the  derivatives  of  vanadium  have  been  made 
use  of  in  a  large  number  of  diseases,  especially  chlorosis, 
anaemia,  neurasthenia,  certain  varieties  of  dyspepsia, 
albuminuria,  diabetes,  &c.  But  the  results  obtained  are 
not  certain ;  not  seldom  there  is  intolerance  of  the  remedy, 
or  its  action  may  become  rapidly  inert.  When  the 
administration  of  the  drug  ceases  so  does  the  observed 
improvement  of  health,  patients  rapidly  losing  all  that 
they  had  previously  appeared  to  gain.  Nevertheless, 
in  the  uric  acid  diathesis  a  diminution  of  uric  acid  in 
the  urine  has  been  observed,  awd  in  diabetes  the  urinary 
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sugar  may  be  also  diminished,  but  in  both  cases  the 
reduction  is  temporary  and  its  amount  very  variable. 
In  chlorosis  the  tissues  fairly  rapidly  recover  their 
normal  rosy  tint.  Lastly,  Berthail  has  obtained  some 
results  in  impaludism,  and  Laumonier  has  observed  a 
definite  improvement  in  obesity  which  ensued  after  long 
treatment,  the  patient  being  a  man  aged  thirty. 

But  it  is  more  particularly  in  the  early  stages  of 
tuberculosis  that  the  derivatives  of  vanadium  have  given 
the  best  results.  Cases  of  this  description  successfully 
treated  are  already  relatively  numerous,  and  in  them  the 
improvement  has  been  less  inconstant,  although  still 
limited  to  the  period  during  which  the  drug  has  been 
taken.  In  some  cases  loss  of  appetite  has  disappeared, 
the  weight  has  increased,  and  the  progress  of  the  disease 
has  been  altogether  favourably  influenced.  These 
results  are  conformable  to  those  observed  by  Hallion  in 
tuberculous  guinea-pigs. 

It  appears  to  us  to  be  very  difficult  to  explain  the 
effect  of  vanadium  in  tuberculosis  otherwise  than  on  the 
assumption  of  its  exerting  a  stimulating  effect  021  the 
stomach,  because,  if  its  oxidising  power  is  appealed  to, 
an  insurmountable  difficulty  is  immediately  encountered. 
Eobin  and  Binet  have,  indeed,  proved  that  the  ground 
is,  as  it  were,  cleared  and  made  ready  for  tubercular 
infection  by  a  severe  demineralisation  and  by  exag- 
gerated respiratory  exchanges.  Hence  tuberculosis  has 
a  special  predilection  for  those  persons  who  are  wasted, 
tliose  in  whom  the  intraorganic  combustions  are  in- 
creased. 

In  order  to  oppose  an  obstacle  to  the  invasion  of  the 
bacilli  or  wage  war  effectually  with  them,  it  is  necessary 
to  diminish  the  need  of  the  tissues  for  oxygen,  to  supply 
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this  latter  with  combustible  matters  other  than  the  tissues 
themselves,  and  to  renew  the  supply  of  mineral  materials 
(Eobin).  But  if  vanadium  acts  in  tuberculosis  solely 
through  its  power  of  oxidation,  very  far  from  checking 
tissue  waste  it  will,  on  the  contrary,  aggravate  it  and 
will  tend  to  make  the  tissues  more  liable  than  before  to 
infection  ;  while,  if  it  acts  simply  by  stimulating  the 
activity  of  the  stomach,  the  consequent  ingestion  and 
absorption  of  alimentary  materials  may  to  a  certain 
extent  lead  to  the  fixation  of  the  excess  of  oxygen  and 
to  the  deposit  of  salts,  thus  checking  both  the  waste  and 
destruction  of  tissue.  Hence  the  improvement  some- 
times observed  in  the  case  of  tubercular  patients  who 
are  undergoing  treatment  by  vanadium.  But  it  must 
be  added  that,  according  to  Weber,  this  treatment  is 
contraindicated  in  those  patients  suffering  from  arterio- 
sclerosis and  atheroma ;  in  these  the  administration  of 
vanadium  merely  aggravates  the  symptoms  from  which 
they  are  already  suffering. 

Administration  and  Dose. — Metavanadate  of  soda  is 
prescribed  in  daily  dose  of  1  to  5  milligrm.,  the  drug 
being  given  every  third  day,  either  in  solution  or  in  the 
form  of  granules  of  1  milligrm.,  in  which  the  quantity 
is  calculated  with  exactitude.  The  dose  of  5  milligrm. 
2)ro  die  must  not  be  exceeded,  and  the  treatment  should 
be  suspended  from  time  to  time.  Professor  Eobin 
orders  half  an  hour  before  each  of  the  two  chief  meals 
a  teaspoonful  of  the  following  solution : 

Metavanadate  of  soda     ...         ...         0  grm.  '03 

Distilled  water     ...         150    ,, 

About   2   milligrm.  _2^<?r   diem.      The   treatment  should 
never  be  continued  more  than  eight  consecutive  days, 
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and,  if  a  good  result  is  obtained,  must  be  terminated  in 
four  or  five  days. 

In  patients  suffering  from  rheumatism  the  metavaha- 
date  of  lithia  may  be  employed,  the  same  doses  being 
given  as  in  the  case  of  the  soda  salt.  It  must  be  con- 
fessed, however,  that  the  quantity  of  lithia  thus  ingested 
is  so  extremely  small  as  to  be  of  no  obvious  utility. 

Laran  orders  pure  vanadic  acid  in  quantities  of 
J  to  Ih  milhgrm.  in  the  twenty-four  hours ;  he  gives  it 
sometimes  with  chlorides  and  phosphates. 

For  hypodermic  injection  the  metavanadate  of  soda 
is  made  use  of  in  the  dose  of  1  milligrm.  and  vanadic 
acid  in  that  of  J  milligrm. 

When  these  small  doses  are  employed,  treatment  by 
vanadium  is  very  seldom  attended  with  unpleasant 
results :  only  quite  exceptionally  is  slight,  temporary 
diarrhoea  set  up,  slight  local  congestion  and  a  tendency 
to  dyspnoea. 

E.  Persulphates, 

Chemistry. — It  is  only  during  the  last  three  years  that 
the  persulphates,  and  more  especially  the  persulphate 
of  sodium,  have  been  regarded  as  therapeutic  agents. 
E.  Friedlander,  in  1899,  was  the  first  to  make  use  of  the 
antiseptic  properties  of  persulphate  of  soda.  In  the 
beginning  of  1900  Dr.  J.  Nicolas,  of  Lyons,  studied  the 
toxicity  and  the  aperient  power  of  the  salt ;  then  Dr.  Garel, 
physician  to  the  hospitals  at  L^^ons,  and  Professor  A. 
Eobin  employed  the  drug  in  the  treatment  of  different 
forms  of  anorexia,  especially  of  that  affecting  patients 
suffering  from  tuberculosis. 

Since  the  discovery  by  Berthelot  of  persulphuric 
anhydride    and  of  persulphuric  acid,  the  persulphates 
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have  been  chiefly  made  use  of  in  photography  in  order 
to  remove  the  hyposulphite  of  soda.  They  are  ^Yhite, 
crystalhne  salts,  easily  undergoing  changes  in  the  dry 
state  when  exposed  to  air  and  light ;  they  are  obtained 
by  the  electrolysis  of  sulphates  to  which  suljihuric  acid 
has  been  added  (Troost).  Owing  to  their  instability,  it  is 
necessary  that  therapeutic  solutions  be  prepared  with 
great  care,  and  they  must  be  kept  from  exposure  to 
the  air  in  bottles  made  of  coloured  glass.  But  in  spite 
of  every  precaution  it  does  not  appear  to  be  possible 
to  keep  these  salts  otherwise  than  in  acid  solution,  as 
has  been  pointed  out  by  Crinon,  and  hence  it  is  customary 
to  add  to  them  a  small  quantity  of  sulphuric  acid.  The 
firm  Lumiere,  of  Lyons,  has  prepared  a  solution  of 
persulphate  of  soda  which  is  known  commercially  as 
Persodine.  But  Dr.  Mathieu  has  shown  that  this  solu- 
tion contains  a  quantity  of  free  sulphuric  acid  greater 
than  that  which  must  be  added  theoretically  in  order 
to  insure  its  preservation.  Hence  it  is  reasonable  to 
think  that,  in  spite  of  all  precautions  in  preparation, 
the  solution  breaks  up  with  great  rapidity. 

Physiology. — The  persulphates  are  energetic  oxidising 
agents,  being  comparable  in  this  particular  to  the  salts 
of  vanadium;  persulphuric  acid  is  easily  resolved  into 
sulphuric  acid  by  giving  up  oxygen.  This  oxidising  power 
is  connected  with  the  antiseptic  action  of  the  acid,  which 
has  been  demonstrated  by  Friedlander,  and  of  which  he 
has  made  use ;  it  is  so  marked  that  this  substance  may 
be  placed  amongst  the  powerful  antiseptics  of  Miquel. 
In  spite  of  its  oxidising  and  antiseptic  properties  the 
toxicity  of  the  persulphates  is  less  than  might  have  been 
anticipated,  and  inferior  to  that  of  arsenic  and  vanadium, 
which  are  employed  therapeutically  to  a   similar   end. 
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Allowing  for  the  other  pharmaco-djaiamic  properties, 
this  is  a  difference  which  would  appear  to  give  the  per- 
sulphates  the  preference,  especially  as  they  seem  to  be 
eliminated  with  ease  and  rapidity  and  have  no  marked 
influence  on  the  heart  or  circulation. 

Nevertheless,  their  antithermic  power  is  very  marked. 
All  the  guinea-pigs  experimented  upon  by  J.  Nicolas  have 
shown  a  lowering  of  temperature  amounting  to  three  or 
four  degrees  w^hen  the  animals  have  died,  and  to  one  or 
two  when  they  have  survived,  as  the  result  of  the  adminis- 
tration of  persodine  hypodermically.  This  antithermic 
power  is  even  more  marked  wdien  the  drug  is  given  by 
the  mouth. 

The  same  powder  of  lowering  the  temperature  has  been 
observed  in  man,  but  it  would  seem  to  be  less  marked 
and  definite,  since  the  fall  of  temperature  but  seldom 
attains  and  very  rarely  exceeds  one  degree.  Nevertheless, 
there  is  here  an  indication  for  the  use  of  the  persulphates 
in  the  fever  of  tubercular  cases. 

"We  have  no  certain  knowledge  concerning  the  action 
of  the  persulphates  on  normal  digestion  and  on  the  com- 
position of  the  gastric  juice.  This  is  regrettable,  and  is 
in  urgent  need  of  attention.  But  J.  Nicolas  has 
attempted  to  ascertain  the  influence  of  persodine  upon 
artificial  digestion  in  vitro,  diastatic,  peptic  and  pan- 
creatic digestion  being  all  investigated.  In  every 
instance  the  influence  has  been  practically  the  same, 
whatever  the  nature  of  the  ferment.  In  the  proportion 
of  J,  persodine  brings  digestion  to  a  standstill,  ^q  slows  it 
materially,  less  markedly  at  yj^ ;  ^Jq  to  X2W  diminishes 
digestive  activity,  but  less  and  less  markedly.  But  these 
latter  proportions  are  those  which  would  be  realised  in 
the  stomach  by  therajDeutic  doses.     But  it  is  important 
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to  notice  that  not  in  a  single  instance  has  persodine 
exerted  a  favourable  influence  on  artificial  digestion ;  it 
has  never  accelerated  or  increased  the  digestive  power  of 
the  ferments  ;  on  the  contrary,  and  even  when  very  small 
quantities  were  made  use  of,  it  has  always  seemed  to 
diminish  its  activity. 

What  is  then  the  mechanism  of  the  physiological  action 
of  the  persulphates  ?  It  is  at  present  extremely  difficult 
to  give  a  satisfactory  answer  to  this  question,  because  we 
know  nothing  as  to  the  influence  of  these  salts  on  gastric 
and  intestinal  digestion  either  in  animals  or  man,  and 
we  do  not  possess  any  analysis  of  the  gastric  juice  under 
such  conditions.  It  may  further  be  asked  if  the  aperient 
action  of  the  persulphate  is  not  due,  partially  at  all 
events,  as  Mathieu  is  inclined  to  believe,  to  the  free 
sulphuric  acid  which  its  solution  contains.  The  limonade 
suljjliurique  and  the  eau  de  Rabel,  when  diluted,  have 
both  been  of  service,  in  common  with  many  acids,  in 
certain  cases  of  gastric  atony  and  debility.  There 
would  not,  therefore,  be  anything  extraordinary  in  the 
fact  of  persodine  exerting  a  favourable  influence  in  virtue 
of  the  free  sulphuric  acid  contained  in  it.  The  fact  that 
persodine  in  the  experiments  of  Nicolas  has  never  in- 
creased the  digestive  power  of  the  ferments,  and  on  the 
other  hand,  the  clinical  observations  that  the  persulphates 
increase  appetite,  hasten  the  emptying  of  the  stomach, 
cause  the  disappearance  of  the  sensation  of  weight  after 
food,  leads  to  the  strong  conviction  that  these  drugs  act 
as  irritants  to  the  cells  of  the  mucous  membrane  and  of 
gastric  motility.  This  action  is,  therefore,  comparable 
to  that  exerted  by  orexine  and  the  derivatives  of  vana- 
dium.^    Consequently,   whether  the  effect  of  persodine 

^  See  XuHveaux  Bemedes,  June  8th  and  24tli. 
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may  be  due  to  the  free  sulphuric  acid  contained  in  it,  or 
whether  it  is  merely  the  consequence  of  the  action  of  the 
persulphate  of  soda,  the  effect  of  the  remedy  on  the 
general  nutrition  is  secondary  and  cannot  be  considered 
constant.  "When  the  mucous  membrane  is  sound  and 
the  functions  of  assimilation  and  absorption  are  normal 
an  improvement  in  nutrition  results,  in  consequence  of 
the  stimulating  and  aperient  action  of  the  persulphate, 
which  excites  a  greater  absorption  of  nutritive  materials 
and  a  consequent  gain  of  weight.  But  if  these  functions 
are  seriously  impaired,  the  persulphate  remains  power- 
less to  influence  metabolism,  although,  by  improving  the 
spirits  of  the  patient  by  a  return  of  the  appetite,  the 
disappearance  of  the  oppression  after  eating  and  of  the 
sensation  of  depletion  and  the  relative  euphoria  which 
follows,  it  may  sometimes  act  favourably  on  these  func- 
tions under  a  nervous  influence,  or  that  of  auto-sug- 
gestion, or  better  still  if  a  supplementary  course  of  treat- 
ment be  adopted.  This  mode  of  regarding  the  question 
has  already  been  referred  to,  and  it  seems  needless  to 
repeat  what  has  previously  been  remarked  concerning 
those  remedies  which  have  the  power  of  influencing 
nutrition. 

Therapeutics. — The  antiseptic  power  of  the  per- 
sulphates  was  first  made  use  of  by  Friedlander  in 
1899  ;  he  employed  solutions  of  persulphate  of  soda 
as  a  gargle  for  sore  throat  and  for  the  treatment  of 
Vv'ounds,  boils,  abscesses,  &c. 

The  physicians  of  Lyons,  Nicolas  and  Garel  more 
especially,  have  administered  persodine  in  convalescence 
after  acute  disease  and  in  the  early  stages  of  tuberculosis. 
The  results  have  been  on  the  whole  favourable,  and 
Garel  has  observed  that,  on  the  second  or  third  day  of 
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treatment,  the  patient  experienced  a  sensation  of  hollow- 
ness  in  the  epigastrium  and  the  desire  'for  an  increased 
quantity  of  food ;  thus  an  increased  quantity  of  alimentary 
material  is  ingested.  Return  of  appetite  is  attended 
with  an  improvement  of  digestive  power  ;  patients  who 
have  long  complained  of  slow  and  painful  digestion  have 
asserted  that,  when  taking  the  persulphate,  their  troubles 
have  altogether  vanished.  Further,  Nicolas  has  proved 
that  certain  patients  after  some  weeks'  treatment  have 
gained  fifteen  or  eighteen  pounds  in  weight,  a  conclusive 
proof  of  the  beneficial,  though  secondary,  action  of  the 
persulphate  on  general  nutrition.  In  the  case  of  tuber- 
cular patients  whose  temperature  is  raised,  the  remedy 
does  not  always  act ;  but,  should  there  be  any  improve- 
ment of  appetite,  it  is  by  no  means  unusual  for  a  more 
or  less  marked  fall  of  temperature  to  occur.  The  improve- 
ment of  the  general  condition  is  under  these  circumstances 
rendered  manifest  by  an  increase  of  body  weight. 

Professor  A.  Eobin  has  made  similar  observations  with 
regard  to  tuberculosis.  But  he  has  also  had  encouraging 
results  in  cases  of  carcinoma  of  the  stomach,  and  has 
found  that  both  gastric  irritability  and  anorexia  are 
considerably  relieved.  He  has  occasionally  obtained 
some  results  even  in  dyspepsia  due  to  hyperchlorhydria, 
whether  tubercular  or  not. 

Finally,  Dr.  Hirtz^  has  quite  recently  published  the 
results  and  observations  on  twenty-one  patients,  six  men 
and  fifteen  women ;  there  was  improvement  in  sixteen 
cases  (three  men,  thirteen  women).  In  those  cases  in 
which  no  improvement  resulted,  or  in  which  the  con- 
dition  was   made   worse,    a   painful    sensation   in    the 

1   Vide  Societe  de  Therapeutique  :  Meeting  of  March  27th,  1901. 
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epigastric  region  was  complained  of  (this  is  a  pheno- 
menon which  in  certain  favourable  cases  giyes  way  to 
a  sensation  of  hollowness  and  of  hunger)  and  diarrhoea. 
Further,  diarrhoea  is  not  rare  at  the  commencement  of 
treatment,  even  in  patients  whose  appetite  is  increased ; 
but  it  is  in  such  cases  slight  and  transitory — more  serious 
gastric  or  digestive  troubles  than  those  referred  to  have 
seldom  been  observed. 

In  short,  it  may  be  said  that  persulphate  of  soda 
appears  to  be  a  very  good  aperient:  it  is  indicated 
chiefly  in  the  early  stages  of  tuberculosis,  in  which  it 
gives  the  best  results ;  then  in  convalescence  from  acute 
disease,  when  the  digestive  function  is  slow  in  regaining 
its  accustomed  vigour ;  in  dyspepsia,  atony,  cancer  of  the 
stomach,  anaemia  and  chlorosis  ;  lastly,  in  certain  nervous 
affections,  such  as  neurasthenia,  chorea,  and  hysteria. 
Its  indications  are  almost  the  same  as  those  of  orexine 
and  of  the  metavanadates,  for  these  remedies  act  chiefly 
by  stimulating  the  mucous  membrane  of  the  stomach, 
thus  increasing  the  secretion  from  its  glands  and  favouring 
evacuation  of  the  organ. 

Administration  and  Dose. — The  physicians  of  Lyons 
and  Dr.  Hirtz  employ  the  solution  of  persulphate  of 
soda  which  is  known  as  ijersodine.  It  is  a  solution  of 
1  in  75  which  contains  0  grm.  '20  of  persulphate  in 
15  grm.  (or  a  tablespoonful)  of  excipient.  This  solution 
is  not  unpleasant  to  the  taste.  Adults  take  a  table- 
spoonful,  children  a  teaspoonful,  of  the  solution  in  a 
glass  of  water  one  hour  before  the  chief  meal.  The 
Lyons  physicians  recommend  its  administration  once 
only,  in  the  morning  while  fasting;  the  aperient  effect 
is  then  kept  up  during  the  day.  Hirtz  first  prescribed 
0  grm.  "50  of  persulphate  ^er  diem,  but  the  dose  has  not 
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produced  any  decided  improvement,  and  patients  have 
complained  of  a  disagreeable  sense  of  sinking  in  the 
epigastrium,  the  sensation  persisting  the  whole  day- 
after  the  drug  has  been  taken.  He  has  therefore 
returned  to  the  usual  daily  dose  of  0  grm.  '20,  and 
has  obtained  satisfactory  results. 

Professor  A.  Robin  prescribes  the  persulphate  of  soda 
in  the  following  manner  : — 

Persulphate  of  soda    ...         ...         2  grammes. 

Distilled  water  300 

A  tablespoonful  half  an  hour  before  each  of  the  two  chief 
meals.  The  treatment  should  be  stopped  if  no  improve- 
ment ensue  at  the  end  of  six  days.  But  the  treatment 
must  also  be  suspended,  even  when  an  improvement 
results,  at  the  end  of  three  weeks  to  a  month,  in  order 
to  prevent  the  patient  acquiring  complete  toleration  ;  it 
must  be  recommenced  if  the  appetite  again  fails,  which 
is  generally  the  case,  inasmuch  as  the  aperient  action  is 
not  usually  very  persistent,  and  ceases  altogether  a  short 
time  after  the  administration  of  the  persulphate  has 
been  suspended. 

F.   Orexine. 

Chemistry, — Orexine,  or  dihydro-phenyl-quinazoline, 
Qu  JJ13  ]S[2^  recommended  first  by  Penzoldt,  is  a 
derivative  of  quinoline  (quinazoline),  which  is  obtained 
by  the  reduction  of  orthonitro-benzilformanilide.  It  is 
employed  therapeutically  in  three  forms :  hasic  orexine, 
a  white  fine  powder  very  slightly  soluble  in  water  but 
soluble  in  acidulated  liquid,  odourless  and  tasteless ; 
orexine  hydrochloride,  a  crystalline  powder,  colourless 
or  slightly  yellow,  containing  two  molecules  of  water  of 
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crystallisation,  slightly  more  soluble  and  liquefied  at 
80°  C. ;  lastly,  tannate  of  orexine,  which  is  odourless,  of 
golden  yellow  colour,  with  a  slight  chalky  flavour, 
insoluble  in  water,  but  soluble  in  dilute  acids,  and 
especially  in  hydrochloric  acid.  This  latter  property 
renders  tannate  of  orexine  completely  soluble  in  the 
gastric  juice. 

Physiology. — All  the  different  forms  of  orexine  seem  to 
be  very  slightly  poisonous.  Animals  submitted  to  the 
action  of  the  remedy  do  not  appear  to  suffer  any  incon- 
venience unless  the  doses  made  use  of  are  much  larger 
than  those  employed  therapeutically.  Yet  Hofmann  has 
observed  that,  after  he  had  taken  1  grm.  of  orexine  hydro- 
chloride in  a  single  dose,  he  suffered  from  uneasiness 
and  a  feeling  of  weakness,  from  flushing  of  the  face 
as  well  as  from  giddiness ;  it  gives  rise  also  to  a 
sensation  of  warmth,  and,  indeed,  of  burning,  in  the 
mucous  membrane  of  the  mouth  and  throat,  this  effect 
being  due  to  the  irritant  action  of  the  drug.  Sometimes 
vomiting  is  caused  by  ingestion  of  orexine,  but  this 
seldom  happens. 

"When  basic  orexine  or  the  tannate  of  the  same  is 
made  use  of  these  drawbacks  seldom  occur.  As  regards 
the  circulation  and  the  kidneys,  it  does  not  appear  that 
the  drug  exerts  any  marked  influence  ;  a  slight  increase 
of  the  force  of  cardiac  contraction  and  perhaps  a  tendency 
to  renal  congestion  may  be  occasionally  observed,  so  that 
orexine  should  never  be  made  use  of  in  renal  inappetence 
unless  with  the  greatest  caution.  As  to  the  route  by 
which  the  drug  is  eliminated,  the  subject  so  far  has 
scarcely  received  attention. 

The  action  of  orexine  on  the  stomach  is  better 
known,  and  Penzoldt  and  his  pupils  have  made  careful 
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experiments  on  the  matter.  Hofmann  has  found  that 
orexine  excites  secretion  of  hydrochloric  acid  in  the 
stomach  in  cases  in  which  this  secretion  is  either  absent 
or  diminished,  the  acid  appearing  one  hour  sooner  than 
usual ;  hence  the  digestion  of  matters  contained  in  the 
stomach  is  rendered  more  rapid  and  easy.  Munter  has 
proved  that  the  ingestion  of  25  to  50  centigrm.  of  hydro- 
chloride of  orexine  markedly  diminished  the  duration  of 
the  digestive  process — a  half  hour  and  more — when  white 
bread  and  roast  meat  have  been  consumed.  As,  on  the 
other  hand,  Henne  and  Kronfeld  have  proved  that  orexine 
actively  stimulates  the  emptying  of  the  stomach  by 
exciting  the  contractility  of  the  muscular  coat,  it  follows 
that  the  length  of  time  during  which  aliments  remain  in 
the  organ  is  shortened,  and  hence  that  weight  after  food, 
fermentation  and  flatulence,  are  generally  ameliorated  or 
altogether  cured. 

Kotljars  goes  still  further,  maintaining  that  orexine 
greatly  aids  the  assimilation  of  albuminoids  and  the 
absorption  of  fat.  This  opinion  must,  however,  be  cor- 
roborated by  careful  experiment,  for,  although  orexine 
may  excite  the  gastric  mucous  membrane  to  increased 
activit}^,  it  is  not  the  same  as  regards  its  effect  upon  the 
pancreatic  secretion  and  on  the  absorbing  power  and 
synthesis  of  the  cells  and  intestinal  mucous  membrane, 
which,  as  is  well  known,  transforms  the  digestive  pep- 
tones into  new  forms  of  albumin.  The  excito- secretory 
action  of  the  drug  arises  from  a  different  chemical 
action  to  that  which  tends  to  produce  an  increase  in  the 
power  of  synthesis  of  the  intestinal  mucous  membrane, 
as  is  observed,  for  example,  in  enterogenous  peptonuria. 
Hence  it  is  probable  that  orexine  takes  no  part  in  those 
processes,  in  the  absence  of  organic  derangement,  beyond 
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strengthening  and  invigorating  the  different  digestive 
secretions,  which,  in  their  turn,  furnish  to  the  healthy 
mucous  membranes  more  abundant  and  superior  absorb- 
able products. 

The  return  of  appetite,  which  is  sometimes  lasting,  the 
result  of  the  administration  of  orexine,  is  due  to  the 
specific  action  of  the  remedy ;  this  nervous  phenomenon 
is  indeed  partially  dependent  upon  the  emptying  of  the 
stomach.  Almost  as  soon  as  the  organ  is  empty  the 
appetite  returns,  except  when  there  is  very  great  diges- 
tive weakness,  or  a  profound  intoxication  of  the  system. 
Clearly,  assimilation  and  elimination  are  closely  allied, 
and  are  capable  of  being  simultaneously  powerfully 
influenced  by  the  condition  of  the  digestion.  Hence  a 
return  of  appetite,  although  it  may  be  artificial  and 
unaccompanied  with  an  increase  of  assimilative  activity 
and  of  body  weight,  is,  nevertheless,  a  very  encouraging 
symptom,  and  one  which  cheers  the  patient,  tend- 
ing also  to  a  very  beneficial  effect  upon  the  nervous 
system. 

It  must  be  added  that  Swirjetin  thinks  that  orexine 
prevents  constipation  by  softening  the  faeces.  This 
action  appears  to  be  due,  partially  at  all  events,  to  an 
increased  activity  of  secretion  on  the  part  of  the  glands, 
and  partially  to  a  more  vigorous  contraction  of  the 
intestinal  muscular  wall.  It  is  not  constant,  however, 
but  when  it  does  occur  should  tend  to  increase  appetite. 
By  this  quality,  and  by  its  aperient  effects,  orexine  acts 
in  a  twofold  sense  in  the  treatment  of  auto-toxic  maladies, 
and  more  especially  of  chlorosis. 

Therapeutics, — From  what  has  been  said  it  will  be 
easy  to  understand  the  therapeutics  of  orexine.  It 
should  be  mentioned  that  orexine  has  the  great  advantage 
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of  being  almost  innocuous,  and  of  being  well  borne 
in  the  great  majority  of  cases.  Further,  it  can  be 
administered  with  the  greatest  ease.  In  the  large 
majority  of  stomach  affections  and  in  the  ordinary 
forms  of  anorexia  the  treatment  by  orexine  should 
often  be  continued  during  some  time.  Now  it  cannot 
be  said  that  the  specifics  for  this  form  of  indigestion 
hitherto  employed  are  absolutely  free  from  injurious 
effects  when  their  use  is  long  continued,  these  pre- 
parations being  those  of  nux  vomica,  alcoholic  aromatics, 
and  bitters.  Orexine,  on  the  other  hand,  in  itself 
innocuous  and  devoid  of  cumulative  effects,  and  not 
usually  becoming  inert  through  continued  use,  is,  as 
regards  duration  of  treatment,  free  from  these  draw- 
backs; and  although  it  is  necessary,  as  insisted  on 
by  Professor  Eobin,  to  suspend  its  administration 
as  soon  as  the  desired  effect  is  produced,  yet  when 
the  occasion  arises  the  treatment  by  orexine  may  be 
continued  for  a  long  period  without  fear  of  ill  results 
ensuing.  It  is,  of  course,  imperative  that  under  no 
circumstances  should  excessive  doses  be  given  and  that 
the  treatment  be  commenced  cautiously,  feeling  the  way, 
as  it  were,  so  as  to  ascertain  the  susceptibility  of  the 
patient,  because,  although  it  is  unusual  for  patients  to 
prove  refractory  to  the  drug,  yet  this  does  occasionally 
occur,  and  this  alone  renders  caution  necessary  in 
departing  from  the  ordinary  modes  of  administration. 
Orexine  is  indicated  in  all  cases  in  which  loss  of  appe- 
tite is  a  marked  symptom.  If  a  severe  scrutiny  of  the 
results  of  treatment  by  orexine  be  initiated,  it  will  be 
found  that  the  best  effects  have  ensued  in  :  (1)  Gastric 
catarrh  and  atony  of  the  stomach,  dyspepsia,  and  in 
those  cases  in  which  functional  derangements  are  present 
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^Yllicll  do  not  arise  from  serious  lesion  of  the  organ. 
From  the  very  outset  of  the  treatment  the  action  of 
orexine  in  causing  increased  secretion  and  in  strengthen- 
ing the  muscular  force  of  the  stomach  causes  complaints 
of  heaviness  after  meals,  of  eructation,  of  unpleasant  odour 
of  the  hreath  to  be  no  longer  heard,  and  at  the  same 
time  the  appetite  becomes  greatly  improved.  (2)  In 
anaemia,  and  especially  in  chlorosis,  because,  as  already 
pointed  out,  orexine  acts,  not  merely  as  a  stomachic  and 
aperient,  but  also  as  a  laxative.  (3)  In  the  early  stages 
of  tuberculosis,  in  which  malady  the  effects  of  treat- 
ment are  often  quite  striking,  inasmuch  as  the  increased 
appetite  brings  about  an  increase  of  body  weight  which  is 
also  fairly  permanent.  Occasionally  orexine,  just  as  is  the 
case  with  the  derivatives  of  vanadium  or  the  cacodylates, 
gives  but  unsatisfactory  results,  or  may  even  be  completely 
useless  in  the  severe  later  stages  of  tuberculosis,  and 
in  many  markedly  cachectic  conditions.  (4)  Finally, 
in  the  anorexia  of  convalescence,  especially  in  children, 
and  in  the  want  of  appetite  often  met  with  in  neurotic 
conditions.  Occasionally  also  here  the  result  may  appear 
to  be  uncertain,  and  when  the  desired  end  is  obtained, 
although  it  may  be  fairly  permanent,  it  is  only  when  the 
treatment  is  continued  sufficiently  long. 

It  must  be  added  that  the  administration  of  orexine  is 
contraindicated  in  hyperchlorhydria,  in  ulcer  of  the 
stomach,  in  hsemorrhagic  conditions,  and  in  cases  of 
recent  abdominal  operation  (Bolognesi).  In  advanced 
heart  disease  and  in  kidney  affections  orexine  should 
only  be  given  with  the  greatest  caution. 

Administration  and  Doses. — The  administration  of 
orexine  is  easy,  the  drug  being  odourless  and  almost 
tasteless.     As  when  some  symptoms  of  intolerance  arise 
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— sensations  of  warmth  in  the  mucous  membrane  of  the 
mouth,  pharynx  and  stomach,  giddiness,  vomiting — it 
appears  to  be  especially  in  connection  with  the  employ- 
ment of  the  hydrochloride  of  orexine,  Penzoldt  has  given 
up  the  use  of  this  product,  and  now  prefers  basic  orexine, 
and  his  example  has  been  widely  followed.  But  in 
children,  on  account  of  their  greater  susceptibility,  tan- 
nate  of  orexine  must  be  ordered,  which  has  never  caused 
any  phenomena  of  intolerance. 

Whichever  form  of  the  remedy  be  made  use  of,  it  is 
necessary  that  when  treatment  is  commenced,  as  already 
mentioned,  the  dose  should  be  very  small,  10  centigrm.  for 
instance,  two  hours  before  each  of  the  two  principal  meals. 
Should  this  quantity  be  well  borne  (and  in  cardiac  and 
renal  affections  it  is  often  advisable  that  this  dose  be  not 
exceeded,  especially  when  appetite  is  returning),  it  may 
then  be  gradually  increased  to  the  usual  dose  of  from 
30  to  50  centigrm.  twice  a  day.  Penzoldt  and  Krlinkler 
advise  that  from  200  to  250  grm.  of  water  be  swallowed 
immediately  after  the  drug  has  been  taken,  but  that 
nothing  else  be  ingested  until  mealtimes.  In  children 
at  the  outset  the  quantity  must  be  proportioned  to  the 
age  of  the  patient,  in  order  to  ascertain  the  tolerance, 
but  afterwards  up  to  20  and  30  centigrm.  may  be 
given. 

As  a  rule  orexine  is  given  in  cachets,  but  the  powder 
may  be  taken  mixed  with  a  little  water  in  a  perfectly 
satisfactory  manner.  Occasionally  it  may  be  advisable 
to  prescribe  orexine  in  capsules  or  pills,  each  containing 
0  grm.  '10  of  the  drug.  In  children  the  pastilles  or 
chocolate  tablets,  containing  0  grm.  '25  of  tannate  of 
orexine  in  each,  are  preferable ;  they  are  always  readily 
taken. 
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5.  The  Yeasts.^ 

The  employment  of  the  yeast  of  beer  as  a  therapeutic 
agent  is  by  no  means  of  modern  date,  but  it  was  in  the 
first  instance  purely  empirical.  Those  who  work  in 
breweries  had  long  ago  observed  that  the  administration 
of  yeast  appeared  to  have  a  favourable  effect  in  cases  of 
furunculosis,  and  hence  it  was  quite  usual  for  the 
employes  to  resort  to  this  mode  of  treatment  when 
occasion  arose.  It  seems  also  that  in  the  old  German 
pharmacopoeia  yeast  was  recommended  as  a  valuable 
specific  in  a  great  number  of  maladies,  and,  after  certain 
results  of  this  treatment  were  reported  in  1852  by  Mosse, 
the  use  of  yeast,  thanks  to  our  increased  knowledge  of 
the  action  of  micro-organisms,  has  of  late  years  been 
greatly  extended. 

These  various  applications  are  based  upon  two  pro- 
perties of  yeast :  its  undoubted  glycolytic  power  and  its 
phagocytic  action,  the  latter  being  allied  to  the  more 
questionable  bactericide  and  anti-toxic  influence.  As  a 
matter  of  fact,  some  authors  have  observed  that  bacteria 
are  present  in  the  interior  of  certain  yeast  cells ;  but  it 
must  be  a  question  as  to  whether  these  organisms  had 
been  taken  j)risoner  by  the  yeast  itself  in  its  phagocytic 
capacity,  or  whether  it  is  that  the  bacteria  have  them- 
selves invaded  and  killed  the  yeast.  This  last  explanation 
would  seem  to  be  by  far  the  most  feasible,  inasmuch 
as  the  living  yeast  cell  is  surrounded  with  a  cellulose 

1  We  kave  discussed  tke  yeasts  among  the  new  agents  wliicli 
modify  nutrition  because  it  appears  to  us  that  the  results  of  this 
mode  of  treatment,  numerous  as  they  are,  should  nevertheless  be 
looked  upon  as  essentially  related  to  metabolic  processes,  and 
therefore  as  connected  with  those  phenomena  which  characterise  the 
exchanges  of  the  tissue  elements. 


92    NEW  METHODS  OF  TEEATMENT. 

envelope,  only  allowing  the  passage  of  matters  ^Yllich 
are  in  solution  and  those  which  are  diffusible,  and  thus 
opposing  a  barrier  to  the  entrance  of  any  solid  body  or 
the  emission  of  protoplasmic  prolongations.  In  dead 
yeast,  on  the  other  hand,  the  cellulose  wall  is  more  or 
less  altered,  and  in  this  case  it  is  possible  for  mobile 
bacteria  to  gain  admission  to  the  cell.  The  phagocytic 
power  of  yeast  has  never  yet  been  proved  to  ocular 
demonstration,  and  seems  to  us  to  be  purely  113^30- 
thetical ;  the  same  may  also  probably  be  said  of  its 
bactericidal  influence,  for  Lomry  has  shown  that  yeast 
does  not  check  the  development  of  cultures  of  microbes, 
and  Nobecourt  has  even  proved  that  the  latter  may 
actually  increase  the  action  of  the  bacillus  of  Loeffler. 
As  regards  the  antitoxic  power  of  yeast,  this  is  less 
uncertain,  for  Nobecourt  has  demonstrated  that  yeast 
considerably  diminishes  the  activity  of  the  toxins  of 
Loeffler' s  bacillus,  inasmuch  as  doses  three  or  four 
times  the  ordinary  strength  of  toxin  are  required  in 
order  to  kill  guinea-pigs  when  j^east  is  made  use  of 
together  with  the  lethal  matters. 

We  must  now  consider  the  clinical  results  obtained  by 
the  use  of  yeast.  But  it  is  necessary  to  remark  in  the 
first  instance  that  the  choice  of  the  yeast  is  a  ver}^ 
important  matter,  as  each  separate  product  gives,  so  to 
speak,  a  different  result.  As  a  rule,  at  the  period  when 
the  remedy  was  first  made  use  of  in  therapeutics,  yeast 
fresh  from  the  brew^ery  w^as  employed,  as  this  is  always 
preferable  to  that  obtained  from  the  baker  or  pastry- 
cook. This  yeast  when  fresh  is  not  unpleasant  to  the 
taste,  but  it  rapidly  becomes  acid  and  putrid ;  hence 
it  is  necessary  to  renew  it  every  day  in  summer,  and 
evevy  other  day  in  winter ;  and  when  it  is  impossible  to 
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procure  a  fresh  supply  it  must  be  kept  on  ice.  At  the 
present  day  dried  yeast  is  preferred,  and  certain  varieties 
of  this  product  are  known  commercially  as  levurine,  but 
they  should  always  be  tested  before  being  made  use  of. 
Speaking  generally,  yeast  which  has  been  desiccated  at 
a  low  temperature  and  in  a  vacuum  or  by  inert  sub- 
stances is  to  be  preferred.  Under  these  circumstances 
the  dried  product  preserves  to  a  sensible  degree  its  colour 
and  normal  odour. 

But  there  are  real  drawbacks  to  the  use  of  yeast,  and 
some  of  them  are  serious,  rendering  its  employment 
difficult.  It  tends  to  give  rise  to  a  sensation  of  weight 
in  the  stomach,  to  acidity,  to  eructation,  these  symptoms 
often  rapidly  ensuing  on  the  ingestion  of  the  remedy. 
Further,  diarrhoea  is  likely  to  be  set  up,  the  evacuated 
matters  being  extremely  foetid  and  accompanied  with 
abundant  liberation  of  gas.  But  these  drawbacks  are 
greatly  modified  when  good  dried  yeast  is  made  use  of,  so 
that  the  latter  may  be  employed  in  dyspepsia,  dilatation  of 
the  stomach,  and  enteritis.  Again,  fresh  yeast  possesses 
a  strong  and  by  no  means  agreeable  taste  ;  it  follows 
that  many  patients  cannot  tolerate  this  form  of  treat- 
ment, even  when  their  digestive  apparatus  is  in  good 
order,  and  this  particularly  when  large  doses  are  given, 
though  at  the  present  time  the  tendency  is  to  greatly 
restrict  the  quantity  compared  to  the  amount  formerly 
given. 

The  chief  therapeutic  applications  of  yeast  may  be 
grouped  as  follows :  Cassaet  has  made  use  of  yeast  in 
order  to  diminish  or  entirely  remove  glycosuria ;  the 
theory  on  which  his  treatment  is  based  is  that  of  the 
glycolytic  action  possessed  by  this  micro-organism. 
Thus  he   gives  with    meals  fresh   yeast   diluted   with 
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water,  the  quantity  made  use  of  being  50  grm.  2}er  diem. 
This  fairly  large  dose  of  fresh  yeast  gives  rise  to  most  of 
the  disagreeable  consequences  referred  to  above,  but  the 
severity  of  the  symptoms  varies  with  different  indi- 
viduals. Inasmuch  as  the  glycolytic  ferment  acts  on 
the  glucose  contained  in  the  alimentary  canal,  this 
treatment  is  sometimes  followed  by  a  marked  diminu- 
tion of  the  quantity  of  sugar  contained  in  the  urine. 
Further,  in  some  cases  there  would  appear  to  be  an 
improvement  in  the  general  condition,  for  the  body 
weight  seems  to  increase  ;  but  this  improvement  is  often 
only  temporary.  Cana  and  Beylot  have  obtained 
results  very  similar  to  those  reported  by  Cassaet,  and 
they  have  more  than  once  noticed  an  almost  complete 
disappearance  of  glycosuria.  They  have  also  applied 
this  mode  of  treatment  to  cases  of  albuminuria.  When 
the  albuminuria  is  of  dyspeptic  origin  improvement 
sometimes  ensues.  The  results  obtained  by  Aragon 
and  Collet  also  support  this  conclusion.  But  when  the 
albuminuria  is  due  to  renal  disease,  no  change  in  the 
condition  is  usually  observed. 

It  may  be  asked,  in  connection  with  this  glycolytic 
action,  whether,  in  the  but  slightly  oxygenated 
media  contained  in  the  intestine,  alcohol  may  not  be 
produced ;  this  certainly  seems  theoretically  possible, 
but  the  fact  has  never  been  confirmed  experimentally  so 
far  as  we  are  aware. 

It  is  especially  in  pyogenic  infections  that  yeast 
appears  to  give  really  encouraging  results.  Brocq  has 
notably  succeeded  in  obtaining  positive  results  in 
furunculosis.  In  carbuncle,  even  w^hen  fully  developed, 
under  this  treatment  the  pain  is  relieved  or  entirely 
ceases  after  the  second  day,  the  oedema  and  lymphangitis 


THE   YEASTS.  -95 

on  the  third  or  fourth,  then  suppuration  becomes  less 
and  finally  ceases,  and  on  the  seventh  or  eighth  day 
the  carbuncle  cicatrises,  leaving  merely  an  induration 
more  or  less  marked  which  does  not  entirely  dis- 
appear until  some  weeks  have  passed.  And  if  at  this 
period  the  administration  of  yeast  be  abruptly  sus- 
pended the  carbuncle  tends  to  relapse ;  hence  it  is 
advisable  to  continue  the  treatment  until  the  indura- 
tion has  disappeared.  In  cases  of  simple  furunculosis 
the  cure  is  much  more  rapid.  When  the  formation  of 
boils  is  both  widely  spread  and  rebellious  to  ordinary 
measures  of  treatment  the  administration  of  yeast  is 
almost  immediately  successful,  and  the  boils  in  process 
of  formation  dry  up ;  but,  even  during  this  treatment, 
some  small  furuncles  may  develop  and  may  seem  to  be 
in  process  of  pointing,  but  they  remain  in  an  immature 
condition  and  dry  up.  These  favourable  results  have 
been  noted  by  Lassar  in  cases  of  diabetes  accompanied 
with  an  obstinate  tendency  to  the  outbreak  of  boils.  It 
is  clear  that  in  this  malady  the  result  is  due  not  merely 
to  the  anti-pyogenic  power  of  yeast,  but  also  to  its 
glycolytic  quality. 

In  phlegmonous  acne,  in  folliculitis  due  to  the  staphylo- 
coccus, and  in  certain  other  suppurative  dermatoses  the 
action  of  yeast  is  less  obvious  and  less  sure,  and  the 
effect  of  the  remedy  is  very  far  from  constant.  On  the 
other  hand,  in  stye  in  the  eye  (hordeolum),  which  has  a 
tendency  to  recur,  Terson  has  observed  a  constant 
improvement  when  yeast  is  given  in  cachets  each 
containing  1  grm.*50  before  meals,  from  3  to  6  cachets 
being  taken  per  diem.  Even  if  the  lesion  does  not 
resolve,  the  pain  is  nevertheless  quickly  ameliorated. 

In  furunculosis  and  in  analogous  infections  yeast  is 
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given  in  quantities  of  3  to  6  teaspoonfulspcr  diem,  accord- 
ing to  its  being  used  fresh  or  dr}^  and  according  also 
to  the  tolerance  of  the  patient.  Debouzy  and  the 
physicians  of  the  north  give  larger  doses,  even  up  to 
3  or  4  tablespoonfuls  jjer  diem.  The  remedy  is  diluted 
with  alkaline  water  or  beer,  and  the  mixture  is  taken 
with  meals. 

Landau,  Gelli,  and  Murer  have  used  yeast  in  the 
treatment  of  infections  of  the  genito-urinary  tracts,  and 
they  regard  it  as  a  valuable  agent  in  bacterio-therapy. 

Murer  treats  leucorrhoea  by  vaginal  injections  con- 
taining diluted  yeast  and  by  plugging  or  applications 
to  the  mucous  membrane.  An  injection  must  first  be 
used  at  a  temperature  of  30°  C,  and  afterwards  a  tampon 
of  absorbent  cotton  must  be  employed  for  drying  purposes. 
By  this  treatment  the  discharge  is  rapidly  arrested,  the 
mucous  membrane  becomes  healthy  and  of  a  natural 
colour,  the  cervix  resumes  its  healthy  appearance,  and 
ulcerations  amend  or  entirely  disappear.  Nevertheless, 
after  some  days  the  action  of  the  yeast  seems  to  become 
less  marked,  and  if  an  improvement  be  maintained, 
still  the  cure  is  rarely  complete.  Further,  contrary  to 
the  opinion  of  Landau  and  Gelli,  it  is  not  unusual, 
in  cases  of  vaginal  gonorrhoea,  to  once  more  find 
gonococci.  Finally,  not  seldom  under  this  treatment  a 
very  troublesome  vaginal  pruritus  is  set  up,  and  this 
must  be  overcome  by  means  of  injections  of  carbonate 
of  soda. 

Marie  gave  yeast  to  a  patient  suffering  from  pneumonia 
and  also  from  furunculosis  which  was  both  severe  and 
painful ;  although  the  outlook  was  most  disquieting,  the 
patient  recovered  so  rapidly  that  the  author  referred  to 
employed  the  same  treatment  in  seven  other  cases  of 
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pneumonia,  all  of  whom  made  a  satisfactory  recovery, 
and  although  four  of  them  had  been  in  a  very  dangerous 
condition.  Further,  Marie  and  Faisans  have  observed 
cases  of  typhoid  fever  in  which  a  very  favourable 
influence  as  regards  the  course  and  duration  of  the 
malady  was  exerted  by  the  administration  of  yeast. 
The  same  good  effects  have  been  observed  by  Doyen 
in  osteomyelitis,  cases  of  which  he  reports  as  cured  by 
this  treatment.  Heer,  Eieck,  and  Mettenheimer  have 
called  attention  to  the  value  of  yeast  in  cholera,  diphtheria, 
scarlatina,  measles,  purpura,  and  even  cancer,  although 
it  must  be  admitted  that  the  results  are  yet  too  few 
to  permit  a  definite  statement  as  to  the  value  of  the 
treatment  being  made. 

Thiercelin  and  Chevrey  have  employed  yeast  in  the 
treatment  of  children's  gastro-enteritis.  The  child,  being 
acted  on  by  an  aperient,  is  put  on  a  fluid  diet,  and  the 
intestine  is  then  washed  out  by  means  of  a  tube  attached 
to  a  collapsible  rubber  ball ;  then  a  teaspoonful  of  dried 
or  a  dessert-spoonful  of  fresh  yeast  suspended  in  50  grm, 
of  tepid  boiled  water  is  injected.  This  enema  should  be 
retained  for  some  time,  and  is  repeated  two  or  three  times 
a  day.  So  long  as  the  diarrhoea  persists  is  the  treat- 
ment continued,  the  intestinal  lavage  and  the  fluid  diet 
being  maintained.  Thiercelin  and  Chevrey  have  obtained 
excellent  results  by  this  mode  of  treatment;  these  results 
have  been  confirmed  by  those  of  Blancher  in  acute  and 
chronic  gastro-enteritis  and  muco-membranous  enteritis. 
In  the  adult,  Blancher  orders,  by  enema,  2  or  3  table- 
spoonfuls  of  yeast  diluted  with  150  grm.  of  boiled  water, 
and,  when  given  by  the  mouth,  3  teaspoonfuls  of  dried 
yeast  diluted  with  a  little  water,  the  whole  to  be  given 
in   24  hours.      As  regards  children,  he  partly  adopts 
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Thiercelin's  method,  but  he  supplements  it  by  the 
addition  of  1  or  2  teaspoonfuls  of  dried  yeast  by  the 
mouth.  He  beHeves  the  treatment  by  the  mouth  to  be 
more  successful  than  that  by  enemata  of  yeast  alone. 

The  laxative  action  of  yeast  has  been  satisfactorily 
proved ;  for  this  reason  yeast  has  been  made  use  of, 
especially  by  Eoos,  of  Eribourg,  to  overcome  rebellious 
constipation.  This  author  gives  50  centigrm.  of  fresh 
yeast  two  or  three  times  a  day,  the  doses  being  reduced 
by  half  when  dried  and  sterilised  yeast  is  made  use  of. 
The  latter  form  of  the  remedy  is  preferable  in  order  that 
colic  and  flatulence  may  be  avoided.  Koos  thinks  that 
yeast  does  not  act  through  a  fermentative  process  or 
bacterial  agency,  but  simply  by  stimulating  intestinal 
peristalsis.  In  all  cases  the  favourable  change  occurs  on 
the  second  day  of  treatment  in  chronic  constipation,  and 
continues  for  some  time  after  treatment  is  suspended. 

In  conclusion,  the  treatment  of  De  Backer  must  be 
referred  to.  De  Backer,  considering  that  yeast  possesses 
a  definite  power  of  phagocytosis,  introduces  it  into  the 
organism  by  hypodermic  injection.  Selected  yeast  is 
mixed  with  sterilised  w^ater,  and  is  injected  under  the 
skin  in  quantities  of  1  c.c. ;  De  Backer  states  that  from 
this  treatment,  called  Medecine  cles  Ferments^  he  has 
obtained,  especially  in  tuberculosis,  marked  improve- 
ment. But  both  in  tuberculosis,  and  also  in  cancer, 
which  has  been  treated  in  the  same  way,  the  results  are 
far  from  being  entirely  convincing,  and  the  danger  of 
embolism  is  no  imaginary  one.  But  Heer  has  already 
pointed  out  the  occasional  value  of  yeast  taken  by  the 
mouth,  in  cases  of  tuberculosis. 
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II. 

BLOOD   ALTEEANTS. 

1.  The  Disturbances  of  H.ematopoiesis  and  their 
Treatment. 

Speaking  generally,  anaemia  may  be  regarded  as  the 
diminution  of  the  blood.  When  this  diminution  concerns 
particularly  the  number  of  red  corpuscles  (which  in  some 
cases  may  fall  from  five  millions  to  one  million  per  cubic 
millimetre),  the  anaemia  is  called  corpuscular,  hijj^oglohidie, 
aglohidie.  This  affection  is  due  to  severe  loss  of  blood, 
repeated  bleedings,  certain  infectious  maladies,  impalu- 
dism  or  malaria,  lead  or  mercurial  poisoning,  iodism,  and 
lastly  tuberculosis  and  cancer.  Chlorosis  is  an  anaemia 
in  which  the  corpuscles  are,  further,  altered  in  their  form 
and  chemical  composition.  The  pathogeny  of  chlorosis  is 
more  obscure ;  it  is  recognised,  however,  that  heredity 
often  plays  a  part,  especially  in  those  cases  in  which 
tuberculosis  has  affected  immediate  ancestors,  by  in- 
volving the  haematopoietic  organs.  Apart  from  heredity, 
the  most  frequently  observed  and  the  most  active  cause 
of  the  disease  is  an  intoxication.  Chlorosis  in  young  men 
is  due  to  cerebral  overstrain,  in  young  females  to  physi- 
cal over-exertion,  to  badly-ventilated  rooms,  to  confined 
surroundings  and  workshops  ;  these  conditions  lead  to 
digestive  ailments  attended  with  constipation,  and  to  the 

h2 


100    NEW  METHODS  OF  TEEATMENT. 

action  of  the  toxins  thus  generated  is  due  the  morpho- 
logical and  chemical  alteration  of  the  red  corpuscles  just 
alluded  to.  Thus  there  is  some  force  in  the  remark  made 
by  Andrew  Clark  that,  if  he  were  of  necessity  reduced  to 
the  employment  of  a  single  remedy  in  the  treatment  of 
chlorosis,  that  drug  should  be  an  aperient.  Menstrual 
troubles  act  in  the  same  way,  inasmuch  as  this  blood  is 
also  toxic.  Thus  when  there  is  delay  in  the  appearance  of 
menstruation,  or  when  the  function  is  established  but 
scanty  and  then  ceases,  chlorosis  is  observed.  Lastly, 
severe  moral  shocks,  by  the  nervous  reaction  to  which 
they  give  rise,  sometimes  set  up  chlorosis. 

Both  in  anaemia  and  in  chlorosis,  and  whether  the 
cause  may  be  the  diminution  of  the  number  of  red  cor- 
puscles, or  the  alteration  in  the  quality  of  the  haemo- 
globin, there  is  invariably  a  diminution  in  the  activity  of 
the  respiratory  function  of  the  blood,  or,  in  other  words, 
in  its  power  of  taking  up  a  given  quantity  of  oxygen. 
This  defective  haematosis  leads  to  incomplete  oxidation, 
and  consequently  to  an  increased  toxicity  of  the  products 
of  waste,  which  causes  all  the  secondary  troubles,  some- 
times of  increasing  gravity  (such  as  pernicious  anaemia), 
of  chlorosis  and  anaemia.  The  most  urgent  indication  for 
treatment  is  therefore  not  merely  the  supply  of  oxygen, 
chiefly  in  the  form  of  fresh  air,  inasmuch  as  this  oxygen 
would  not  be  appropriated  in  consequence  of  the  altered 
constitution  of  the  blood,  but  consists  rather  in  augmenting 
the  number  and  in  renewing  the  properties  of  the  red  cor- 
puscles so  that  their  haemoglobin  contents  may  be  in- 
creased, as  this  is  the  colouring  and  fixative  matter  by 
which  oxygen  is  taken  up. 

But  the  fixative  agent  in  haemoglobin  is  the  iron  con- 
tained therein,  and  Bunge  has  very  clearly  explained  the 
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mechanism  of  this  fixation  by  proving  that  haemoglobin 
and  oxyhaemoglobin  play  the  part  successively  of  ferrous 
and  ferric  oxide,  the  first  taking  up  oxygen  in  order  to 
form  ferric  oxide,  and  this  latter,  yielding  its  oxygen  to 
the  organic  matters  with  which  it  comes  in  contact, 
again  reverting  to  ferrous  oxide,  and  so  on.  It  is  there- 
fore evident  that  it  is  the  iron  which  must  be  renewed, 
since  in  every  case  of  chlorosis  and  of  anaemia  it  is  more 
or  less  defective  in  quantity.  Further,  iron  is  lost  in 
normal  conditions  both  by  the  urine,  bile  and  faeces.  But 
iron  contained  in  food  may  be  present  in  two  forms  :  the 
mineral  form,  in  which  it  is  easily  detected  by  the  usual 
tests  ;  in  this  form  (which  includes  the  greater  number 
of  the  artificial  albuminates,  caseinates  and  peptonates  of 
iron)  the  metal  is  not  assimilated,  and  is  found  in  the 
intestinal  contents.  The  same  thing  occurs  w-hen  iron 
is  injected  into  the  blood.  In  the  other,  or  organic 
form,  the  presence  of  iron  is  not  revealed  by  ordinary 
tests,  but  it  is  assimilable,  and  is  therefore  the  most 
advantageous  form  for  administration.  Organic  iron  is 
found  in  a  nuclein  of  the  yolk  of  egg — called  by  Bunge 
hcematogen — in  milk,  cereals,  vegetables,  &c. 

This  conclusion  seems  at  first  sight  to  be  at  variance 
with  the  facts  that  chlorotic  and  anaemic  patients  derive 
benefit  from  the  administration  of  iron  in  a  mineral 
form.  But  the  contradiction  is  only  apparent,  as  will  be 
seen  immediately. 

In  persistent  abnormal  digestion,  so  frequently  observed 
in  chlorotic  patients,  w^hen  secondary  fermentations  so 
often  occur,  and  are  indeed  not  seldom  the  cause  of  the 
malady,  hydrogen  is  formed  as  the  result  of  butyric 
fermentation.  The  hydrogen  is  in  the  nascent  condition 
which  produces  sulphuretted  hydrogen,  and  then  alkaline 
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sulphides.  These  latter,  when  in  the  presence  of  haema- 
togen,  form  sulphides  of  iron,  and  thus  the  metal,  having 
taken  on  its  mineral  form,  is  incapable  of  being  assimi- 
lated. But  if  at  the  same  time  other  ferruginous  salts 
— medicinal  preparations,  for  example — are  introduced, 
sulphides  are  formed  at  the  expense  of  these  mineral 
materials,  and  not  at  the  expense  of  the  haematogen,  and 
the  latter,  preserving  its  iron  in  organic  form,  remains 
assimilable,  and  is  in  fact  assimilated.  The  ferruginous 
preparations  which  are  highly  valued  in  the  treatment  of 
anaemia  and  chlorosis,  although  not  themselves  assimi- 
lable, are  capable  of  rendering  great  services,  since  by 
their  presence  they  protect  the  organic  iron  and  allow 
its  fixation.  And  some  clinicians  think  that  ferruginous 
preparations  only  act  efficiently  when  given  in  large 
doses,  so  that  all  the  alkaline  sulphides  contained  in  the 
intestines  may  be  saturated. 

Yet  Bunge's  interpretation  has  been  criticised  by 
several  writers,  especially  by  Woltering  and  by  Gaule, 
who  have  brought  about  a  marked  accumulation  of  iron 
in  the  liver  and  spleen  by  causing  animals  to  ingest  the 
inorganic  salts  of  the  metal,  more  especially  the  sul- 
phate. Capolla  and  Linthicum,  of  Baltimore,  conse- 
quently maintain  that,  contrary  to  the  opinion  of  Bunge, 
inorganic  iron  can  be  assimilated  and  thus  can  be 
utilised  in  the  metabolic  processes,  provided  only  that 
this  inorganic  iron  does  not  produce  secondary  compli- 
cations. It  appears  to  us  that  Linthicum  very  reasonably 
explains  the  action  of  the  so-called  organic  preparations 
of  iron  made  use  of  at  the  present  day.  He  does  not 
regard  these  preparations  as  true  combinations  of  iron 
and  of  organic  matters  ;  they  are,  he  considers,  very 
intricate  mixtures,  the  most  unsatisfactory  of  which  are 
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probably  represented  by  the  so-called  peptonates  and 
albuminates  of  iron,  which  yield,  according  to  Herschell, 
when  exposed  to  the  action  of  the  gastric  hydrochloric 
acid,  a  precipitate  which  is  wholly  insoluble.  If,  then, 
such  preparations  should  seem  to  be  well  borne  by 
patients,  it  is  merely  because  they  are  practically  inert. 

Since  in  certain  cases  and  under  certain  conditions 
inorganic  iron  can  be  assimilated,  the  tendency  is  to 
replace  the  method  of  Bunge — a  method  which  is,  indeed, 
quite  a  rational  one,  which  has  given  surprising  results, 
and  which  consists  in  administering  natural  hsematogen 
in  association  with  dilute  iron  combinations  (ferruginous 
mineral  waters,  for  example) — by  other  systems  which 
are  more  rapid  in  action  and  which  consist  in  making 
use  either  of  mineral  iron,  which  may  be  given  either 
hypodermically  or  by  the  mouth,  but  in  the  latter  case 
certain  indispensable  precautions  must  be  taken  (method 
of  Linthicum) ;  or  blood  itself  deprived  of  its  fibrine  may 
be  injected  hypodermically  or  employed  as  enema  ;  or, 
lastly,  the  derivatives  of  blood  are  made  use  of,  and  more 
especially  haemoglobin. 

These  are  the  different  methods  which  we  shall  now 
briefly  describe  ;  we  must  remark  that  if  these  latter 
procedures  (hsemotherapy,  haementeroclysis)  greatly 
resemble  the  opotherapeutic  system,  yet  they  are  modes 
of  genuine  iron  treatment,  since  the  essential  aim  of  their 
use  is  to  supply  the  organism  with  an  adequate  quantity  of 
iron — and  this  alone — in  order  that  the  process  of  blood 
formation  may  be  properly  carried  out. 

2.  Subcutaneous  Injection. 

This  method  has  been  praised,  inasmuch  as  by  it 
the  most  unpleasant  of  the  drawbacks  of  ferruginous 
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treatment  are  avoided,  more  especially  gastric  troubles  and 
constipation.  Preferably  the  citrate  and  the  lactate  of  iron 
are  made  use  of,  as  also  the  citro-ammoniacal  j)yrophos- 
phate  of  iron  and  even  the  sulphate  of  the  metal  in 
alcohol.  The  daily  doses  vary  from  0  grm.  '05  to  0  grm.  '10 
or  0  grm.  '15  given  in  fractional  quantities.  The  advan- 
tage of  this  method  consists  in  the  greater  rapidity  with 
which  effects  are  induced  than  when  iron  is  swallowed, 
but  much  care  is  necessary.  The  results,  too,  are  not 
always  constant,  and  in  not  a  few  cases  complete  failure 
ensues,  which  it  is  not  easy  to  explain. 

Special  indications  for  the  hypodermic  method  of  treat- 
ment are  the  occurrence  of  a  serious  form  of  anaemia, 
especially  pernicious  anaemia  and  that  due  to  severe 
hsemorrhage ;  in  the  latter  case  it  is  well  to  have  recourse 
in  addition  to  injections  of  artificial  serum,  care  being 
taken  to  avoid  a  too  rapid  rise  of  vascular  tension. 


3.  Method  of  Linthicum. 

The  method  of  Professor  Linthicum,  of  Baltimore,  is 
based  upon  the  following  considerations  : 

The  preparation  of  iron  should  be  insoluble  at  the 
time  of  administration,  so  that  the  teeth  be  not  injured; 
this  is  especially  important  in  the  case  of  children.  It 
should  not  cause  nausea  or  digestive  trouble  or  anorexia  ; 
it  must  not  be  forgotten  that  although  the  stomach  in 
anaemia  is  very  irritable,  yet  it  is  absolutely  necessary 
that  its  functional  powers  should  be  in  the  best  possible 
condition.  The  iron  preparation  should  be  easily  assimi- 
lable, for  the  vitality  of  the  tissues  is  greatly  lowered,  and 
it  should  not  possess  astringent,  but  purgative  qualities, 
inasmuch   as  anaemia    is  often   due   to  constipation,  to 
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auto-intoxication,  and  to  a  destruction  of  red  corpuscles 
by  the  accumulated  toxins. 

Lintliicum^  thinks  that  a  preparation  which  answers 
to  all  these  requirements  is  found  in  a  German  product 
known  as  aromatine.  This  consists  of  phosphate  of  iron, 
insoluble  in  water  and  in  the  gastric  hydrochloric  acid, 
suspended  in  glycerine  and  flavoured  with  an  aromatic. 
The  remedy  is  given  in  the  following  manner  :  A  table- 
spoonful  (about  15  grm.)  is  swallowed  and  immediately 
afterwards  a  glass  of  water  is  drunk,  a  tablet  being  dis- 
solved in  it  containing  phosphate  and  bicarbonate  of  soda, 
together  with  tartaric  acid.  In  the  stomach  the  phos- 
phate of  soda  reacts  on  the  phosphate  of  iron,  and  a 
soluble  neutral  bibasic  phosphate  of  soda  and  iron  is 
formed ;  this  is,  therefore,  inert  as  regards  the  gastric 
and  pancreatic  juices ;  it  is  also  slightly  aperient  and 
chologogue.  This  purgative  action  is  definite,  indeed  it 
is  sometimes  necessary  to  be  careful  in  the  administra- 
tion of  aromatine  to  tubercular  patients  suffering  from 
diarrhoea  or  with  a  tendency  to  diarrhoea.  Linthicum 
has  treated  a  certain  number  of  anaemic  patients  during 
variable  periods  by  this  method,  the  average  duration  of 
treatment  being  seven  weeks.  He  has  observed  a  marked 
improvement,  an  augmentation  of  from  25  to  30  per  cent. 
in  the  number  of  red  corpuscles  being  recorded,  and  from 
8  to  9  per  cent,  in  the  haemoglobin  contents  of  the  blood. 
This  method  certainly  deserves  to  be  tried  on  a  larger 
scale,  for  it  is  possible  that  it  may  give  satisfactory 
results. 

4.  Use  of  Defibkinated  Blood. 

The  object  of  both  modes  of  applying  this  method  is 
to  replace  intravenous  transfusion  of  blood,  an  operation 

1  New  York  Medical  Journal,  March  lOth,  1900. 
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always  difficult  to  perform  and-  often  dangerous,  by 
(A)  subcutaneous  injection  (haemotherapy)  and  (B)  by 
enemata   of  defibrinated  blood  (hsementerocly sis) . 


A.  HcBmotherapy. 

Ziemssen   makes  use  of   human  blood,  Dominici  of 
dog's  blood,  and  Hasse  of   lamb's  blood.      Under  any 
circumstances  it  is  absolutely  necessary  that  the  indi- 
vidual or  animal  made  use  of  for  supplying  the  blood  be 
altogether  free  from  disease  (tuberculosis,  syphilis,  hydro- 
phobia, glanders,  &c.).   The  blood  is  usually  drawn  from 
the  median  cephalic  vein,  and  is  collected  in  a  sterilised 
vessel,  warmed  in  a  water  bath  to  37°  to  38°  C.  (not 
higher),  and  whipped  with  a   sterilised   instrument  in 
order   to   oxidise   and   defibrinate   it.      Twenty-five    to 
thirty  c.c.  are  injected  at  one  time,  and  the  injection  may 
be  repeated  two  or  three  times  a  day ;    Ziemssen  has 
made  use  of  up  to  350  grm.  of  blood  in  fourteen  injec- 
tions.     Every    possible    antiseptic    precaution    having 
been  taken,  the  blood  should  be  deeply  injected,  ]3re- 
ferably  in  the  thigh  or  back ;  energetic  massage  should 
be  performed  at  the  same  time  in  order  that  the  blood 
may  pass  onw^ards  under  the  skin.     As  the  injection  is 
painful  the  administration  of   chloroform  is  advisable, 
if  this  is  possible.     When  the  operation  is  completed, 
ice  should  be  a^^plied  to  the  site  of   injection.     After 
the  operation  pain  may  persist  for  some  time — ecchy- 
mosis,  occasionally  lymphangitis,  phlegmon,  abscess  or 
even  temporary  hyperthermia  may  be  observed.     When 
human  blood    is  injected,  after  one   or   two   days  red 
corpuscles   may   be   found   in   the    thoracic    duct    and 
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in   the   lymph,    and   when   animal   blood   is   employed 
hemoglobinuria  may  ensue. 

The  most  important  indication  for  hsemotherapy  is 
severe  haemorrhage  and  syncope,  which  threatens  life  ; 
consciousness  returns,  and  an  increase  of  red  corpuscles, 
and  also  of  their  haemoglobin  contents,  ensues,  together 
with  a  moderately  rapid  recoloration  of  the  skin  and 
mucous  membranes.  The  same  process  may  be  made  use 
of  in  severe  progressive  anaemia. 

B.  Hcementerodysis. 

This  proceeding  was  suggested  by  Antiq  in  order  to 
avoid  the  drawbacks  incident  to  haemotherapy  (pain  and 
abscess),  and  the  difficulty  of  finding  a  healthy  person 
who  is  willing  to  supply  the  blood.  The  blood  of  a 
perfectly  healthy  ox  is  used ;  it  must  be  delibrinated. 
The  quantity  is  from  125  grm.,  which  is  warmed  in  a 
water  bath  to  37°  to  39°  C.  Some  minutes  before  the  injec- 
tion is  given  an  evacuating  enema  should  be  employed. 
Should  abdominal  pain  be  complained  of,  a  few  drops  of 
laudanum  may  be  added  to  the  enema  of  blood  ;  the 
latter  should  be  retained  as  long  as  possible,  and  if 
wholly  retained  is  still  better.  As  a  rule,  an  enema  of 
blood  is  given  every  evening  for  eight  days,  then  the 
treatment  is  suspended  for  a  few  days,  to  be  afterwards 
resumed  as  before.  In  this  way  the  treatment  may  be 
continued  during  long  periods  without  any  rectal  irrita- 
tion arising.  The  chief  indication  for  this  procedure  is 
especially  hypoglobulie,  and  aglobulie,  and  hypohemo- 
globie.  A  rapid  improvement  in  the  general  health 
results,  with  increase  both  of  red  corpuscles  and  of 
haemoglobin. 
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5.  Employment  of  the  Blood  Derivatives. 

This  method  corresponds  m  part  to  that  which 
has  been  recommended  by  the  supporters  of  Bunge's 
theory.  The  hsematogenous  elements  of  the  food  are 
replaced  by  artificial  products  which  are  still  richer  in 
iron,  the  latter  being  present  in  an  organic,  easily 
assimilable  form.  The  majority  of  these  preparations 
are  derived  from  blood,  and  are  the  product  of  several 
different  methods  of  treating  haemoglobin.  The  essential 
point  of  inquiry  is  whether  this  form  of  haemoglobin  is 
really  assimilable ;  it  is  not  unreasonable  to  suppose 
that  this  question  must  be  answered  in  the  negative. 
If  we  consider  the  results  which  are  obtained  from  the 
ingestion  of  fresh  blood  in  the  slaughter-house,  as  has 
been  suggested  and  practised,  the  results  are  of  an 
unsatisfactory  nature.  On  the  other  hand,  it  is  main- 
tained, in  spite  of  the  opinion  of  Professor  Bergeron, 
that  fresh  raw  meat  pulp  and  fresh  meat  juice  obtained 
by  simple  pressure  may  be  of  great  efficacy  in  the  treat- 
ment of  the  different  forms  of  anaemia.  There  are, 
therefore,  certain  methods  by  which  the  iron  of  haemo- 
globin can  be  rendered  directly  assimilable.  Unfor- 
tunately, it  does  not  appear  that  the  commercial  prepara- 
tions derived  from  blood  are  always  satisfactory  in  this 
sense ;  the  majority  of  them  are  not  organic  combina- 
tions of  iron,  and,  as  Eosenstein  observes,  "  they  contain 
the  constituents  of  blood  only  in  their  name."  We  shall, 
therefore,  here  mention  those  preparations  only  which 
possess  real  therapeutic  virtue. 

The  most  interesting  of  these  products  are  essentially 
those  of  haemoglobin,  a  substance  rich  in  iron  but  which 
it  is  difficult  to  prepare  and  to  preserve.     There  are, 
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however,  many  commercial  preparations  of  this  substance, 
among  which  may  be  mentioned  the  extract  of  hcemoglohin 
of  Pfeuffer,  a  syrupy  red  mass  containing  30  per  cent,  of 
haemoglobin  and  traces  of  oxy-  and  methsemoglobin ; 
the  hcematogen  of  Fortuna  and  the  albuminate  of 
licemoglohin  of  Theuer,  containing  haemoglobin  and 
methsemoglobin ;  lastly  the  haemoglobin  of  Deschiens, 
which  is  a  syrup,  but  is  also  made  up  as  a  wine  and 
as  a  lozenge,  the  latter  being  intended  especially  for 
children. 

The  preparations  which  contain  large  quantities  of 
methsemoglobin  are  apt  to  cause  gastric  disturbance  and 
constipation ;  at  all  events,  the  failures  appear  to  out- 
number the  successes,  and  the  majority  of  these  prepara- 
tions must  be  included  in  Herschell's  group,  containing 
those  products  which  cause  no  harm  because  they  are 
practically  inert. 

Genuine  preparations  of  hsemoglobin  are  more  active  ; 
they  rarely  cause  constipation  and  anorexia,  and,  as  a 
rule,  they  are  well  tolerated  unless  previous  gastric  dis- 
turbance of  a  certain  severity  is  present.  Encouraging 
results  have  been  obtained  from  their  employment  in 
chlorosis,  primary  or  secondary  anaemia,  and  in  some 
cachectic  conditions.  They  seem  to  exert  a  favourable 
influence  in  some  cases  of  commencing  tuberculosis,  and 
appear  to  be  somewhat  useful  in  convalescence  from 
infectious  diseases,  especially  in  children ;  they  are  bene- 
ficial, lastly,  in  impaludism  and  anaemia  of  hot  climates. 

Amongst  derived  products,  one  should  be  mentioned, 
as  it  seems  to  be  of  some  value :  ferro-somatose.  This 
is  a  brown  powder,  odourless  and  tasteless,  soluble  in 
water.  There  are  two  varieties  on  the  market:  one 
contains  2  per  cent,  iron,  the  other  3'46  per  cent.     The 
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first  is  adapted  for  children,  the  second  for  adults. 
The  product  is  made  by  treating  albumose  with  chloride 
of  iron;  in  the  stomach  there  is  a  decomposition  of 
somatose  and  iron,  the  latter  combining  with  the  hydro- 
chloric acid  of  the  gastric  juice.  Hence  the  prepara- 
tion is  both  ferruginous  and  nutritious.  According  to 
E.  Werner,  St.  Klein  and  other  clinicians,  it  possesses 
the  great  advantage  of  not  blackening  the  teeth,  of 
not  diminishing  the  appetite,  and  of  causing  neither 
vomiting,  pain,  nor  diarrhoea  ;  but  the  latter  quality  is 
often  a  disadvantage  in  persons  suffering  from  anaemia, 
and  in  chlorosis.  The  daily  dose  is  from  5  to  10  grm. 
for  children,  15  to  20  grm.  for  adults ;  it  may  be 
given  in  water,  milk,  soup  or  chocolate ;  these  quantities 
represent  three  teaspoons,  more  or  less  full,  according  to 
age;  they  are  divided,  the  proper  proportion  of  the 
whole  being  taken  morning,  midday  and  evening.  This 
remedy  has  been  used  with  success  in  chlorosis  and 
angemia,  and  especially  in  pseudo-leukoemia  (St.  Klein) 
of  children.  In  all  cases  a  great  and  rapid  improvement 
is  observed,  together  with  an  increase  in  the  number  of 
the  red  corpuscles,  in  the  proportion  of  haemoglobin,  and 
in  the  body  weight.  In  the  anaemia  of  pseudo-leukoemia 
the  blood  recovered  its  normal  appearance,  the  volume 
of  the  spleen  diminished,  and  in  slight  cases  a  cure 
was  effected  after  one  or  two  months.  In  more  severe 
instances  complications  ensued  by  which  recovery  was 
delayed. 

By  the  light  of  such  cases  it  must  be  granted  that 
ferro-somatose  is  a  good  blood  restorative,  yet  it  must  be 
administered,  especially  in  children,  with  circumspec- 
tion, as  in  pseudo-leukoemic  anaemia  there  is  sometimes 
intolerance  of  the  remedy.     The  observations  made  in 
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France  tend  to  show  that,  especially  in  adults,  ferro- 
somatose  is  well  borne  and  assimilated,  and  that  only 
small  portions  are  carried  off  by  the  bowel.  Hence  a 
certain  amount  of  iron  is  assimilated,  but  under  what 
form  or  by  what  mechanism  is  unknown. 

Fersan  is  a  new  product  derived  from  the  red  cor- 
puscles of  ox  blood ;  it  is  an  acid  albuminate  containing 
iron  and  phosphorus  in  organic  combination.  The  red 
corpuscles,  isolated  by  centrifugation,  are  treated  with 
dilute  hydrochloric  acid;  the  resulting  compound  con- 
tains all  the  iron  and  phosphorus  of  the  corpuscles,  and 
is  a  brown  powder,  slightly  saline,  of  acid  reaction, 
soluble  in  water  and  not  coagulating  by  heat ;  it  contains 
3  grm.  '7  of  iron  per  1,000.  Fersan  is  only  broken  up 
in  the  intestines ;  it  causes  neither  anorexia,  gastric  dis- 
turbance nor  constipation,  and  is  well  borne  by  patients. 
Further,  containing  as  it  does  80  per  cent,  of  soluble 
albuminoid  matters,  it  is  more  nutritious  than  somatose, 
and  is  almost  completely  assimilated.  It  is  employed  in 
doses  of  1  to  3  teaspoonfuls  2)er  diem,  dissolved  in  a  small 
quantity  of  cold  fluid  ;  every  kind  of  vehicle  is  avail- 
able, pure  water,  cocoa,  tea,  &c.  Pastilles  of  Fersan  are 
also  supplied  containing  0  grm.  '25  for  children  and 
0  grm.  '50  for  adults — three  or  four  may  be  taken 
jjer  diem;  it  is  also  made  up  in  the  form  of  biscuits, 
chiefly  for  children. 

In  consequence  of  its  richness  in  iron  and  phosphorus 
and  of  its  great  digestibility,  Fersan  is  a  valuable 
nutrient  in  chlorosis,  in  anaemia  and  in  wasting  diseases. 
Kornauth,  Von  Czadek,  Silberstein,  Kornfeld  have  shown 
that,  in  quantities  of  three  teaspoonfuls  per  diem,  con- 
tinued for  two  or  three  weeks,  Fersan  considerably  in- 
creases the  number  of  red  corpuscles  and  the  proportion 
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of  hsemoglobin.  Pollak  has  found  it  very  useful  in 
early  tuberculosis,  and  also  in  convalescence.  Lastly, 
Laumonier^  has  employed  it  successfully  in  the  treat- 
ment of  infantile  atrophy  consecutive  to  weaning. 

Glycerophosphate  of  iron  ought  to  be  mentioned  in 
this  connection,  although  reference  has  already  been 
made  to  it  when  speaking  of  organic  phosphorus  (vide 
p.  41).  It  gives  excellent  results  in  all  forms  of  hypo- 
hemogloblie  (anhematochromie)  and  even  in  hypoglobulie, 
since  the  increase  in  the  number  of  red  corpuscles  is 
closely  parallel  with  that  of  the  haemoglobin.  Glycero- 
phosphate of  iron  is  made  use  of  in  the  daily  dose  of 
0  grm.  *20  to  0  grm.  '25,  and  is  generally  associated 
with  the  alkaline  and  earthy  glycerophosphates,  as 
already  mentioned. 

6.  Substitutes  for  Iron. 

As  we  have  explained  elsewhere,"  it  is  not  iron,  as  iron, 
that  is  really  essential  in  the  process  of  blood  formation, 
but  only  the  presence  of  an  oxidising  substance  which  is 
capable  of  taking  up  oxygen  in  certain  conditions  and  of 
liberating  it  forthwith,  &c.  It  is  well  known  that  iron 
is  not  the  only  metal  which  is  capable  of  playing  the 
part  of  purveyor  of  oxygen.  In  addition  to  vanadium 
and  manganese,  copper  also  possesses  this  property,  and 
this  metal,  as  demonstrated  by  Frederic,  replaces  iron  in 
the  blood-lymph  of  many  cephalopods  and  Crustacea. 
Hence,  it  is  justifiable  to  infer  that  substances  other 
than  iron  can  exert  a  hsemopoietic  influence,  and  some 

1  Bullet,  de  tlierai:)eutique,  December  8th,  1900. 

2  * '  Physiologie  generale,"  ChaiD.  iv. ;  "  Le  milieu  respiratoire," 
pp.  132  et  seq. 
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experiments  and  interesting  clinical  observations  confirm 
this  manner  of  viewing  the  matter.  Cervello^  has,  indeed, 
demonstrated  that  the  methodical  administration  of 
copper,  zinc  and  manganese,  even  of  mercury,  in  animals, 
and  sometimes  in  man,  increases  the  haemoglobin  con- 
tents of  the  blood.  Pitini  and  Messina  find  that  cobalt 
and  nickel  possess  the  same  property. 

Mercadante  has  proved,  on  the  other  hand,  that  the 
increase  in  number  of  the  red  corpuscles  is  not  pro- 
portional to  that  of  the  haemoglobin,  the  latter  seeming 
merely  to  become  more  concentrated  in  the  corpuscle. 
However,  in  that  form  of  anaemia  in  which  the  number 
of  red  corpuscles  diminishes,  these  metals  not  only 
regenerate  the  haemoglobin,  but  they  also  increase  the 
number  of  corpuscles. 

It  is  very  difficult  to  explain  these  results.  There  is 
no  evidence  that  the  molecule  of  the  heavy  metals  referred 
to  above  can  enter  into  the  complexus  of  haemoglobin ; 
otherwise,  together  with  iron  haemoglobin,  it  would  be 
necessary  to  admit  the  existence  of  a  copper,  mercurial, 
manganese,  &c.,  haemoglobin.  The  existence  of  haemo- 
cyanine  proves  that  such  combinations  are  not  impossible, 
but  up  to  the  present  time  no  evidence  has  been  brought 
forward  of  such  combination  existing  in  man. 

Substitutes  for  iron  have  been  especially  used  in 
malarial  anaemia  and  in  certain  toxic  forms  of  chlorosis ; 
observations  are  as  yet  too  few  for  it  to  be  possible  to 
speak  definitely  as  to  their  effect,  but  there  is  here  a 
new  therapeutic  departure.  The  substances  most  often 
employed  are  :  sulphate  of  manganese  (dose  p'o  die  from 
0  grm.  '05  to  0  grm.  "20  up  to  0  grm.  '50) ;   sulphate  of 

^  Soc.  de  Therapeutique,  meeting  of  January  9tli,  1901. 
M.T.  I 
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copper  (5  to  10  milligrm.  to  commence  with,  and  after- 
wards up  to  2  to  3  centigrammes  _23ro  die) ;  sulphate  of 
zinc,  used  by  Savoca  in  quantities  of  1  to  6  centi- 
grammes daily.  These  substitutes  may  be  very  usefully 
combined  with  the  hemols  in  the  form  of  cuprohemol, 
zincohemol,  &c. 


(     115     ) 


III. 

MINEEAL  MEDICATION. 

1. — Mineralisation  and  Demineralisation. 

The  researches  undertaken  long  ago  in  the  field  of 
biological  chemistry  prove  that  each  tissue,  each  cellular 
element,  has  its  own  peculiar  mineral  constituent,  its 
mineral  soil,  the  result  of  a  chemical  adaptation,  which 
is  explained  by  the  theory  of  Danilewski.^  Thus  phos- 
phorus and  magnesia  are  the  preponderating  elements  as 
regards  the  nervous  system,  iron  and  potash  as  concerns 
the  blood  corpuscles ;  phosphorus  and  lime  affect  the 
osseous  tissues,  soda  and  potash  those  of  the  muscles, 
chlorine  and  sodium  the  body  juices,  &c.  But  it  is 
necessary  here  to  observe — speaking  only  of  the  anato- 
mical element,  of  the  living  cell — that  in  this  process  of 
mineralisation  there  is  something  more  than  a  simple 
adaptation  to  a  given  environment,  inasmuch  as  the 
mineral  elements  of  this  environment  actually  enter  into 
the  formation  of  the  complex  of  elementary  cells  (with  the 
exception  possibly  of  chloride  of  sodiam)  which  derives 
a  portion  of  its  properties  from  the  fact  of  the  presence 
of  certain  of  these  mineral  elements ;  this  is  clearly  seen 
as  regards  the  iron  contained  in  the  blood  corpuscles 
of  vertebrates,   the   copper  of   the  hsemolymph  of   the 

1  Cf.  Laumonier  :  "  Physiologie  generale,"  pp.  9 — 13. 

i2 
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cephalopods,  the  Crustacea,  &c.  Hence,  Gaube,  to  whom 
interesting  researches  on  organic  mineralisation  are  owing, 
is  perfectly  correct  when  he  says :  "  When  a  tissue  is  func- 
tionally active,  its  mineral  constituents  do  not  appear  in 
the  excreta,  especially  in  the  urine;  they  are  only  found 
when  the  tissue  is  quiescent  or  is  breaking  up.  When, 
therefore,  there  is  an  excess  in  weight  of  some  mineral 
element  in  the  urine,  it  is  a  clear  indication  that  a  tissue 
or  humour  of  the  body  is  undergoing  a  disintegrating 
process.  When  any  one  of  the  mineral  constituents  of 
the  urine  is  continuously  absent,  it  follows  that  a  tissue 
or  humour  is  destroyed."  ^ 

The  importance  of  this  idea  is  obvious  if,  rejecting  the 
conception  of  Claude  Bernard  that  functional  activity 
denotes  structural  waste  of  an  organ,  it  is  held  that  func- 
tional activity  of  the  same  is  inseparably  connected  with 
the  synthesis  of  assimilation  of  the  organ  in  question, 
and  that,  consequently,  such  activity  fixes  the  mineral 
elements  of  the  living  complex  (which  thus  are  less 
abundant  in  the  urine),  while  repose,  which  is  a  more  or 
less  slow  destruction  of  plastic  matters,  or  their  destruc- 
tion under  some  morbid  influence,  should  and  does  cause 
an  increase  of  the  excretion  of  the  special  mineral  elements 
contained  in  the  affected  organ. 

Eegarded  in  this  way,  the  process  of  mineralisation — 
which  is  naturally  ambient  and  humoral  before  becoming 
plastic — is  necessary  to  the  synthesis  of  assimilation,  and 
therefore  intimately  connected  with  the  healthy  func- 
tional activity  of  organs,  of  cells  and  tissues.  Hence  it 
results  that  any  cause  which  impairs  the  process  of 
normal  mineralisation  of  the  body  structures  must  exert 

1  Gaube  (du  Gers) :  "Mineralisation  urinaire"  {Bull,  detliera- 
jpeutique,  1898,  I.,  p.  241). 
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a  consecutive  influence  on  the  functional  activity  and  on 
vital  resistance  of  the  anatomical  elements,  since,  being 
deprived  of  part  of  the  matters  which  are  indispensable 
for  their  assimilative  synthesis,  these  elements  can  no 
longer  discharge  their  function  with  the  same  vigour. 

Modifications  of  the  organic  mineralisation  have  also 
further  consequences.  If  they  diminish  the  vital  resist- 
ance by  restraining  the  amplitude  and  vigour  of  func- 
tion, they  equally  diminish  the  normal  anti-toxic  and 
bactericidal  power  of  the  humours,  as  also  their  osmotic 
properties,  which  play  an  important  part  in  the  elimina- 
tion of  toxins,  both  of  bacteria  and  of  the  tissues.  There 
is  still,  however,  considerable  uncertainty  as  concerns  the 
mechanism  of  these  anti-toxic  processes ;  some  would 
regard  them  as  being  purely  chemical  phenomena,  while 
the  majority  of  authorities  look  with  more  favour  upon 
the  existence  of  an  antagonism  of  physiological  origin, 
but  which  cannot  be  easily  comprehended  unless  it  may 
be  reduced  to  an  oxidative  process,  to  a  decomposition,  or 
to  a  fixation  of  toxins,  or,  lastly,  to  an  increase  of  their 
solubility  under  the  influence  of  the  combinations  which 
these  toxins  contract.  However  this  may  be,  the  facts 
are  certain.  It  must  be  added,  further,  that,  from  the 
point  of  view  of  defence  of  the  organism,  the  alterations 
of  mineralisation  affect  equally  the  process  of  phagocytosis, 
especially  as  concerns  the  macrophages,  and  the  activity 
of  diapedesis  apart  from  the  presence  of  pathogenic  agents 
and  of  their  toxins ;  this  is  not  difiicult  to  understand, 
inasmuch  as  leucocytes  live  in  the  internal  medium,  and 
are  everywhere  exposed  to  the  influence  of  the  alterations 
to  which  it  is  subjected  as  regards  mineral  composition. 
Every  change  in  this  composition  diminishes  the  activity 
of  the  phagocytes,  as  it  does  that  of  all  the  other  anatomical 
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elements.     Thus  it  checks  phagocytosis  and  diapedesis, 

as  happens  in  rickets,  abrupt  and  rapid  growth,  gastric 
affections  with  abnormal  fermentation ;  and  if  then  a 
bacterial  infection  occurs  it  is  all  the  more  serious,  because 
it  supervenes  on  a  diminished  resistance. 

If,  then,  the  importance  of  the  integrity  of  the  normal 
mineralisation  of  the  body  is  so  great,  every  possible 
cause  of  demineralisation  or  of  alterations  of  the  mineral 
soil  of  the  tissues  should  be  opposed  by  all  available 
means.     These  causes  are  of  three  kinds  : 

A.  Ahnormal  Digestive  Fermentations  and  Anto-toxieations. 

By  the  incomplete  evolution  of  ternary  products,  for  ex- 
ample, instead  of  H~0  and  C0~  organic  acids  are  formed — 
lactic,  acetic,  formic,  butyric,  propionic,  &c. — which  are 
eliminated  in  the  form  of  salts,  and  the  bases  which  they 
take  up  are  principally  soda  and  potash,  also  lime  and 
magnesia,  all  derived  from  the  tissues  and  juices  of  the 
organism.  Hence  these  acids,  by  the  mere  fact  of  their 
production,  involve  the  loss  of  alkalies  appertaining  to  the 
organism,  and  their  elimination  leads  to  the  evolution  of 
what  the  older  authors,  Bence  Jones  in  particular,  called 
acid  dyscrasia.  But  in  every  kind  of  d^'spepsia  there  is 
a  more  or  less  marked  production  of  these  organic  acids ; 
and  it  is  well  known  that  such  gastric  disturbances  occur 
in  rickety  children,  and  in  osteomalacia  of  adults,  and 
that  they  explain  the  phenomena  of  deficient  or  altered 
mineralisation  or  of  demineralisation  of  the  bones  which 
these  patients  present,  since,  as  shown  by  the  observa- 
tions of  A.  Eobin,  the  intervention  of  ternar}^  matters 
which  have  undergone  a  complete  evolution  in  the  body 
is  necessary  for  the  fixation  of  the  mineral  ingredient  in 
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the  ossein.  In  the  larger  number  of  cases  of  auto-intoxica- 
tion the  same  series  of  phenomena  is  observed ;  in  over- 
feeding, for  instance,  the  alkaHnity  of  the  blood  is  more 
or  less  markedly  diminished,  and  the  same  result  ensues 
in  hepatic  or  renal  insufficiency,  in  pulmonary  affections, 
and  those  of  the  skin,  nervous  system,  in  which  the 
process  of  mineralisation  is  modified,  &c. 

B.  Groictlu 

During  growth  the  mineral  matters,  particularly  phos- 
phorus and  lime,  leave  the  plasma  and  certain  cellular 
elements  which  are  in  a  state  of  regression  in  order  to 
attach  themselves  to  the  skeleton,  which  thus  exhausts 
the  organism  to  its  own  benefit,  for  at  this  period  the 
alimentary  matters  ingested  are  often  insufficient  to 
supply  the  necessary  mineral  materials,  and  this  the  more 
because  digestive  troubles  are  not  seldom  present  at  this 
period  of  life.  Hence  the  want  of  vital  resistance,  so 
often  noticed  during  growth,  the  severity  and  frequency 
of  infectious  diseases,  against  which  the  organism,  already 
partially  demineralised,  can  no  longer  successfully  contend. 
Lastly, 

C.  The  Infections, 

Infection  of  the  organism  is  rendered  more  easy  when 
there  has  been  antecedent  demineralisation  of  the  same. 
Fodor,  Lauder  Brunton,  Maragliano  have  shown  that 
the  bactericidal  condition  yields  when  the  soda  salts  are 
present  in  too  small  quantity  in  the  plasma ;  Calabrese, 
Blumenthal,  Charrin,  Eoger  have  proved  that  bacterial 
infection  can  only  flourish  in  those  humours  whose 
reactions  have  been  altered,  and  A.  Eobin  has  rightly 
insisted  upon  the  great  importance  of  this  modification 
in  preparing  the  soil  for  the  evolution  of  tuberculosis. 
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But  this  demineralisation,  which  prepares  and  facili- 
tates the  bacterial  invasion,  is  increased  and  aggravated 
during  the  evolution  of  the  infection  itself,  as  is  observed 
in  tuberculosis,  pneumonia,  diphtheria,  enteric  fever,  and 
the  exanthemata.  This  increased  activity  is  the  result  of 
the  destruction  of  the  tissues  by  the  pathogenic  bacteria, 
or,  rather,  by  their  toxins ;  of  an  excessive  consumption 
of  the  nutritive  reserves,  which  is  not  compensated  by 
a  sufficient  reparative  alimentation ;  and,  lastly,  by 
cellular  alterations  under  the  influence  of  defensive 
reaction.  It  may  not,  indeed,  be  manifest  at  the  onset, 
and  may  only  appear  at  the  critical  period ;  the  disin- 
tegrated mineral  matters  are  sometimes  partially  retained 
by  the  toxins  which  they  help  to  fix,  and  which  are  only 
eliminated  en  masse  when  free  urinary  evacuation  occurs, 
the  latter  being  a  favourable  indication,  and  one  point- 
ing to  the  approach  of  convalescence.  But  these  mineral 
matters,  though  still  present  in  the  internal  medium,  in 
the  form  of  more  or  less  complex  combinations,  have  none 
the  less  ceased  to  play  a  normal  physiological  part. 

Further,  these  mineral  discharges  are  not  invariably 
critical ;  they  sometimes  indicate,  especially  when  occur- 
ring at  a  crisis,  the  imminence  of  a  complication. 
Indeed,  the  weakening  of  the  organism,  the  successive 
exhaustion  of  all  its  means  of  natural  defence  against  pre- 
existing pathogenic  parasites,  may  permit  an  invasion  of 
new  injurious  bacteria  which  undergo  their  own  develop- 
mental processes,  and  in  this  way  a  new  infection  may  be 
grafted  on  to  the  previous  one.  And  it  may  be  that 
harmless  bacteria  become  pathogenic  under  the  influence 
of  humoral  and  tissue  changes  which  have  been  initiated 
by  the  previous  infection.  Such  is  the  origin  of  associated 
infections  (by  the  association  of  microbes)  and  of  the 
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'  complications  which  ensue  in  the  course  of  maladies, 
whether  infectious  or  not.  If,  therefore,  it  is  necessary, 
when  demineralisation  occurs  apart  from  any  morbid  con- 
dition, to  take  measures  to  annul  its  effects  and  to  main- 
tain intact  the  vital  resistance  in  order  to  avoid  the 
danger  of  infection,  it  is  certainly  desirable,  when  infec- 
tion has  actually  taken  place,  to  compensate  consecutive 
loss  of  mineral  matters  in  order  to  prevent  complications. 
Long  before  these  ideas  were  in  vogue,  bouillon  and 
infusions  and  decoctions  of  vegetable  matters,  which  act 
either  as  tonics  and  mineralising  agents,  or  simply  as 
diuretics,  were  made  use  of  in  a  large  number  of  maladies, 
and  in  an  empirical  manner.  After  a  period  of  neglect 
and  contempt  for  such  means,  they  are  to-day  again  in 
requisition,  having  been  perfected,  their  value  being 
increased  by  a  more  exact  knowledge  of  their  mode  of 
action.  Thus  arise  the  several  varieties  of  saline  medica- 
tion, some  acting  as  restorers  of  the  mineral  waste,  others 
influencing  not  only  the  remineralisation,  but  also  in- 
creasing diuresis,  raising  the  vascular  tension,  and  acting 
as  purifiers  of  the  blood  (artificial  serum) ;  and,  finally, 
others  increasing  the  nutritive  activity  (saline  cure),  or 
ensuring  the  appropriation  of  medicines  (metatrophic 
method). 

2.    MiNEKALISING   AgENTS. 

It  is  necessary  that  the  plastic  mineral  constituents  of 
the  body  which  have  been  lost  be  renewed,  in  order  that 
""^  the  functional  activity  of  the  tissues  may  be  properly 
exercised  and  the  defensive  powers  of  the  organism 
maintained.  But  the  organic  or  inorganic  nature  of 
these  mineral  elements,  or  the  source  from  which  they  are 
derived,  are  very  far  from  being  matters  of  indifference, 
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inasmuch  as  we  are  now  acquainted  with  the  fact, 
estabhshed  by  the  researches  of  Bunge,  that  mineral 
matters  in  organic  combination  are  far  more  easily 
assimilated  than  others,  and  that  these  alone,  or 
almost  so,  are  able  to  unite  themselves  to  the  living 
cell  elements. 

The  most  common  and  oldest  of  these  organic  mineral 
preparations  is  houillon,  "pot  au  feu,"  whose  percentage 
composition  is  thus  given  by  Konig  and  A.  Girard : — 

Albumin         0'3—  0*4 

Gelatine          O'S—  O'T 

Eat      0-2—  0-4 

Mineral  matters         ...         ...  I'S —  1*8 

Mineral  extractive     ...         ...  0*5 —  0*8 

Water 95-8— 97-3 

Therefore  bouillon  is  not  a  food.  On  the  other  hand,  the 
researches  of  Schiff  and  Herzen  and  those  of  Lapicque 
have  proved  that  it  is  a  valuable  stimulant  to  the 
digestive  secretions,  to  the  nervous  system,  and  to  the 
heart.  It  is  also,  as  experience  proves,  a  peptogen,  a 
very  active  and  powerful  eupeptic,  through  the  presence 
of  a  variety  of  extractive  matters.  Further,  owing  to  the 
mineral  matters  contained  in  it,  chiefly  the  chlorides 
and  potassic  phosphates,  it  exerts  a  reparative  influence 
in  all  forms  of  demineralisation,  and  more  especially 
those  which  are  consecutive  to  infection.  It  has  been 
employed  from  time  immemorial  in  all  varieties  of  con- 
valescence, and  gives  excellent  results.  Unfortunately 
the  preparation  of  good  bouillon  is  a  long  and  costly 
process,  and  its  preservation  is  difficult,  especially  in 
summer,  as  on  account  of  its  composition  it  forms  a  most 
admirable  medium  for  the  culture  of  micro-organisms. 
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At  the  present  time,  owing  to  its  containing  a  relatively- 
large  amount  of  extractives,  but  only  a  relatively  small 
quantity  of  assimilable  mineral  matters,  bouillon  is  but 
little  used  in  theraj^eutical  mineralisation  except  as  an 
agreeable  aromatic  vehicle  for  the  artificial  saline  or 
vegetable  solutions,  which  will  be  treated  of  later.  It 
is  often  but  ill-tolerated  in  hypersthenia  and  in  gastric 
affections  at  the  period  of  growth,  and  it  is  contraindicated 
in  cases  of  increased  vascular  tension  on  account  of  its 
vaso-constrictive  action,  as  also  in  gouty  persons,  owing 
to  the  uric  acid  which  is  formed  by  the  extractives. 

These  remarks  do  not  apply  to  vegetable  bouillon  or  a 
decoction  of  cereals,  the  employment  of  which  is  of  very 
old  standing,  and  the  methodical  use  of  which  has  been 
recommended  by  Springer  and  Charrin.  These  decoc- 
tions are  intended  to  replace  bouillon,  which  does  not 
appear  to  be  sufficiently  rich  in  assimilable  mineral 
constituents,  and  which  also  contains  matters  w^hich 
may  be  injurious  to  the  patient ;  for  these  reasons 
Charrin  advises  the  employment  of  vegetable  bouillons 
in  order  to  compensate  that  form  of  loss  of  mineral 
matter  which  occurs  consecutively  to  infection  and  in 
growing  children,  and  he  prefers  them,  in  an  emergency, 
to  milk  itself.  These  decoctions  are  prepared  in  the 
following  manner  : — In  a  litre  of  water  is  placed  a  table- 
spoonful  of  cereals :  barley,  wiieat,  rye,  oats,  maize,  and 
bran,  the  materials  having  been  first  carefully  crushed  and 
lightly  browned  in  the  oven  ;  the  liquid  is  then  reduced 
by  boiling  to  half  a  litre  and  is  strained.  The  muci- 
laginous fluid  thus  obtained  is  made  palatable  by  the 
addition  of  aromatics,  and  is  given  in  small  cofiee-cupful 
doses  four  to  eight  times  j^er  diem.  In  this  way  a  solution 
very  rich  in  phosphorus  and  in  organic  iro2i  is  consumed, 
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as  are  also  physiological  mineral  matters,  which  are 
made  more  assimilable  than  if  derived  from  combina- 
tions and  remedies  of  inorganic  origin ;  the  solution  is 
easily  borne  by  all  patients,  and  does  not  in  the  least 
fatigue  the  functions  of  the  stomach  or  intestine.  Charrin 
has  made  use  of  these  decoctions  of  cereals  in  cases  of 
typhoid  fever  and  pneumonia,  as  well  as  in  the  eruptive 
fevers  of  childhood.  In  the  last,  when  decoction  of  cereals 
has  been  administered,  he  never  observed  those  secondary 
infections  which  so  often  complicate  the  primary  disease 
and  not  seldom  lead  to  its  fatal  termination. 

Laumonier  and,  more  recently.  Springer,  have  resumed 
the  study  of  these  vegetable  bouillons  during  growth,  and 
more  especially  in  cases  of  rickets.  In  the  case  of  children 
aged  from  fifteen  months  to  three  years  the  vegetable 
bouillon  was  given  diluted  with  milk  and  bouillon  in  the 
quantity  of  a  liqueur  -  glassful  four  times  x^er  diem. 
Inasmuch  as  the  bouillon  is  perfectly  well  borne  by  the 
most  delicate  stomach,  and  as  a  milk  diet,  absolute  or 
mixed  (milk,  eggs,  bouillon,  rice,  potatoe  soup),  accord- 
ing to  the  age,  was  strictly  enforced,  the  gastro-intestinal 
troubles  have  rapidly  disappeared,  as  also  the  rickety 
abnormalities,  especially  certain  osseous  lesions  (bowed 
legs,  beading  of  the  ribs),  which,  nevertheless,  are  gene- 
rally of  long  continuance.  In  children  of  from  seven  to 
thirteen  years  the  vegetable  bouillons  are  preferably  given 
in  the  form  of  soup  with  yolk  of  egg  and  a  little  butter  twice 
a  day  in  quantities  of  one  or  two  small  coffee-cupfuls. 
With  regard  to  the  latter  class  of  patient,  the  indication 
for  medication  by  the  administration  of  mineral  matters 
is  not  derived  solely  from  the  presence  of  fever  and 
inflammatory  phenomena,  which  are  often  present,  but 
especially    from   urinary    analysis    and    rapid    growth, 
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although  no  morbid  symptom  be  present.  Should 
urmary  analysis  show  demineralisation  of  the  tissues  in 
favour  of  the  osseous  system,  it  is  necessary  to  have 
recourse  to  artificial  remineralisation,  which  is  the  more 
active  and  efficacious  in  proportion  to  the  promptitude 
of  its  adoption,  and  in  this  way  the  infections  which  are 
so  frequent  and  usually  so  serious  during  the  period  of 
growth  may  be  almost  certainly  avoided.  The  glycero- 
phosphates are  also  mineralising  agents  of  the  first 
importance,  especially  the  acid  glycerophosphates ;  these 
are  at  the  same  time  more  soluble,  more  stable,  and  more 
certain  than  the  neutral  salts.  They  have  already  been 
described  at  length  (p.  38),  and  it  is  therefore  unnecessary 
to  do  more  than  refer  to  the  article  which  is  devoted  to 
the  consideration  of  these  important  medicaments. 

Finally,  in  order  to  complete  the  account  of  the 
mineralising  agents  properly  so  called,  reference  must 
be  made  to  the  physiological  salt  of  Poehl,  which  in 
Germany  and  elsewhere  has  enjoyed  a  certain  popularity. 
This  is  an  artificial  mineral  combination  which  contains 
in  their  respective  proportions  the  mineral  elements  of 
blood  serum.     Its  average  composition  is  as  follows : — 


Sodium 

...         ... 

...     21-51 

Chlorine 

...     33-09 

Soda 

...         ... 

...     11-02 

Potash 



...       4-61 

Lime 

...         ... 

...       1-38 

Magnesia 

... 

...       0-21 

Sulphuric 

acid        

...       2-39 

Phosphoric  acid 

...       1-74 

Carbonic  acid          

...     17-79 

The  preparation  is  made  up  in  pastilles  of  1  grm.,  which 
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are  dissolved  in  a  glass  of  warm  water.  The  1*5  per  cent, 
solution  corresponds  approximately  to  the  composition  of 
the  blood  serum.  It  is  employed  either  internally  b}^ 
the  digestive  tract  or  by  enema,  or  is  used  hypoder- 
mically,  or  lastly  by  intravenous  injection.  The  results 
obtained  have  been  less  satisfactory  than  was  hoped, 
considering  the  theoretical  composition  of  the  preparation, 
and  the  mineral  matters  contained  in  the  solution  have 
almost  invariably  proved  refractory  as  regards  their 
adequate  assimilation;  but  this  is  always  the  case  as 
concerns  the  larger  number  of  mineral  matters  which  are 
not  presented  in  the  organic  form. 

3.  Artificial  Serums. 

The  artificial  serums,  which  are  also  known  as  physio- 
logical serums,  are  usually  weak  w^atery  saline  solutions,  of 
which  chloride  of  sodium  is  generally  the  predominant,  or 
perhaps  the  only,  constituent.  They  have  been  employed 
for  more  than  half  a  century,  since  in  1832  T.  Latta,  of 
Leith,  and  Magendie  recommended  intravenous  injection 
of  saline  solution.  Colson  and  Duchaussoy  (1855), 
Herard  and  Oulmont  (1866),  Lorrain  (1868),  Conheim, 
in  his  remarkable  experiment  on  the  frog  (1869), 
all  studied  this  question;  but  it  w^as  especially 
Dujardin-Beaumetz  (1873)  who  first  called  the  attention 
of  therapeutists  to  the  mode  of  treatment  of  cholera  by 
saline  injections  which  in  their  composition  resemble 
blood  serum.  Hayem  in  1884  made  use  of  this  method 
during  the  epidemic  of  cholera  which  occurred  in  France, 
and  the  same  mode  of  treatment  w^as  successfully  employed 
in  the  Hamburg  outbreak  of  1892.  On  the  other  hand, 
Jolyet  and  Lafont  (1878)  have  made  use  of  6  per  1,000 
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saline  solution  injections  (histological  solution),  wliicli 
Kronecker  and  Sander  in  Germany  found  very  useful  in 
the  following  year  in  cases  of  severe  haemorrhage,  and 
which  Sanarelli  first,  Roux  of  Lausanne  (1884),  Dastre 
and  Loye  (1888—89),  Sahli  of  Berne  (1890)  employed 
in  severe  intoxications  and  infections.  Bosc  and  Barre 
have  also  praised  bleeding-transfusion,  that  is  to  say, 
bleeding  followed  by  a  larger  or  smaller  injection  of 
serum,  a  method  which  may  be  regarded  as  supple- 
mentary to  the  transfusion  of  blood,  but  w^hich  appears 
destined  to  furnish  better  results.^ 

Physiology.— The  injection  of  saline  fluid  and  of  arti- 
ficial serums  appears  to  be  absolutely  unattended  with 
any  drawback  when  the  kidneys,  which  get  rid  of  the 
excess  of  fluid,  are  in  good  condition,  for  Dastre  and  Loye 
have  injected  a  weight  of  serum  equal  to  two-thirds  of 
that  of  the  body.  But  although  the  quantity  may  be  a 
matter  of  indifterence,  it  cannot  be  said  that  it  is  the 
same  as  regards  the  rate  of  injection.  When  the  rate 
of  injection  exceeds,  for  example,  3  c.c.  a  minute,  and 
by  kilogramme  of  living  weight  in  the  rabbit,  serious 
symptoms  and  even  death  ensue.  Hence  Bolognesi  ^  has 
rightly  said  that  there  is  no  toxic  dose,  but  a  very  definite 
toxic  rate  of  injection. 

Speaking  generally,  saline  injections  raise  the  blood 
pressure,  act  as  cardio-vascular  tonics,  and  set  up  diuresis 
by  restoring  to  the  blood  the  volume  of  fluid  which  has 
been  lost  either  by  haemorrhage  or  by  serous  effusion 
(choleraic    diarrhoea).      Such    treatment   prevents    and 

1  Landouzy:    "  Les   Serotherapies,"  Chap.  XXIV.  and  XXY. 
Ie90ns. 

2  "Les  solutions  salines  dans  les  injections"   {Bull,  de  thera- 
peutique,  2nd  series,  1898,  and  1st  series,  If 
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minimises  post-operative  collapse  and  the  accidents  which 
accompany  shock  from  injury.  The  blood  regeneration 
is  favoured  in  consequence  of  the  increased  activity  of  the 
migration  of  hsematoblasts  ;  these  come  to  the  blood  rich 
in  fibrine,  and  therefore  serve  as  a  point  of  departure  for 
clot  formation  (Bolognesi).  Finally,  saline  injections 
have  a  favourable  influence  on  infections  and  intoxica- 
tions— on  the  one  hand,  by  aiding  oxidation  and  dilution 
of  the  toxins  which  are  not  adherent  to  the  tissues,  as 
Manquat  observes,  acting  in  this  way  by  a  sort  of  lavage 
of  the  blood,  less  complete  perhaps  than  was  at  first 
thought,  but  which  nevertheless,  when  combined  with 
the  mineralising  influence  of  the  complex  saline  solutions, 
3^et  initiates  a  condition  favourable  to  the  restoration  of 
the  defensive  power  of  the  body  humours ;  and,  on  the 
other  hand,  by  renewing  and  invigorating  the  process 
of  phagocytosis  which  has  been  weakened  hj  the  hyper- 
toxicity  of  the  blood,  as  shown  by  Mourette  and  Sale.  It 
must  be  added  that  in  small  quantities  (10  to  100  c.c.) 
saline  injections  have  a  tonic  influence  on  the  nervous 
system  when  they  are  continued  for  some  time  ;  this 
influence  would  seem  to  promote  mobility  on  the  part  of 
the  protoplasmic  arborisations,  and  at  the  same  time  to 
diminish  the  production  or  facilitate  the  elimination  of 
the  ponogenes  of  the  neurons. 

As  a  result  of  the  injection  of  artificial  serum,  the 
following  phenomena  are  observed  in  man  : — (1)  A  period 
of  calm  and  of  euphoria,  lasting  a  short  time  (from  a  few 
minutes  to  an  hour)  ;  this  is  particularly  apt  to  occur  in 
infectious  cases.  (2)  A  period  of  critical  reaction,  which 
presents  two  phases :  the  first  is  characterised  by  rigor 
or  sensation  of  cold  ;  the  pulse  is  frequent,  irregular,  the 
respiration  quickened  and  laborious ;  sometimes  cramps 
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and  spasms  are  complained  of.  The  temperatoe  rises, 
and  in  the  rectum  may  attain  40°  or  40*5°  C.  ;  the  face 
is  red  and  swollen,  the  conjunctiva  injected,  the  pulse 
accelerated  (150  to  180),  the  breathing  panting,  the  skin 
very  hot,  sometimes  smoking.  The  second  phase  is 
characterised  by  a  diminution  in  the  intensity  of  all  these 
phenomena,  whose  total  duration  is  about  three  hours ; 
then  abundant  diuresis  ensues,  sweating,  and  often 
diarrhoea.  (3)  Lastly,  a  post-critical  phase  is  observed, 
during  which  all  the  symptoms  referred  to  pass  away, 
the  temperature  becomes  normal,  definitely  if  recovery 
ensues,  for  only  a  day  or  two  if  a  relapse  should  occur. 
Nevertheless,  as  Debove  has  pointed  out,  there  is  a  rapid 
toleration ;  the  critical  symptoms  are  less  and  less  marked, 
and  the  patient  reacts  less  and  less  energetically  when 
injections  are  frequently  repeated. 

The  several  organs  are  more  or  less  affected  by  the 
intravenous  injection  of  artificial  serum  :  the  vascular 
tension  is  raised,  the  heart's  beats  become  more  regular, 
the  pulse  becomes  regular  and  stronger,  diuresis  is 
abundant,  and  the  chlorides  naturally,  but  also  the  urea, 
are  excreted  in  increased  quantities ;  the  toxicity  of  the 
urine  rises  somewhat,  the  secretion  of  saliva,  the  perspira- 
tion (specially  abundant  at  the  period  of  defervescence)  and 
glandular  secretions  are  augmented,  and  diarrhoea  and 
vomiting  may  occur ;  thirst  disappears,  the  digestive  func- 
tions are  more  satisfactorily  performed,  the  respiratory 
rhythm  becomes  regular,  dyspnoea  ceases,  and  expectora- 
tion becomes  more  loose ;  in  some  cases  uterine  contrac- 
tions ensue,  through  the  intermediation  of  the  spinal 
cord  ;  and,  lastly,  a  moderate  excitement  of  the  nervous 
system,  amounting  occasionally  to  temporary  delirium, 
may  arise.    The  same  phenomena  are  observed  after  the 

M.T.  K 
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use  of   subcutaneous   injections,   but   the  reactions  are 
delayed  and  less  severe. 

Therapeutics. — The  indications  for  th'e  employment  of 
artificial  serum  may  be  inferred  from  their  physiological 
action  :  they  may  be  grouped  as  follows  : — 

1.  Traumatic  and  surgical  haemorrhage,  intestinal 
haemorrhage  (that  of  enteric  fever,  for  example) ;  hema- 
temesis,  intractable  epistaxis,  haemoptysis,  certain 
forms  of  metrorrhagia,  haemophilia,  some  varieties  of 
purpura. 

2.  Severe  losses  of  serous  fluid :  Asiatic  cholera, 
choleraic  diarrhoea,  infantile  cholera,  and  even  the 
intestinal  infections  of  infancy  (Barbier).  Hayem's 
serum  may  be  advantageously  used  in  enteritis  on 
account  of  the  constipating  action  of  sulphate  of  soda, 
and  Huchard's  modified  serum  in  the  wasting  of  small 
children. 

3.  Erysipelas,  measles,  scarlatina,  variola,  influenza 
and  influenzal  broncho-iDneumonia,  infective  endocarditis, 
severe  attacks  of  malarial  fever,  typhoid  and  typhus 
fever,  severe  jaundice,  tetanus  and  anaemia  (Tuffier), 
alcoholic  anuria  (Dumont),  certain  cases  of  poison- 
ing by  fungi.  In  urinary  infections,  according  to 
Desnos,  the  serum  of  Cheron,  administered  in  small 
quantities,  gives  the  best  results,  while  in  the  acute  fever 
which  may  occur  in  prostatic  cases  physiological  serum 
is  preferable.  But,  speaking  generally,  and  in  the  absence 
of  contraindications,  the  serums  always  give  the  most 
marked  results,  and  sometimes  are  really  successful  in 
the  different  forms  of  infection. 

In  tuberculosis  the  employment  of  saline  injections 
has  been  recommended  for  the  purpose  of  confirming,  by 
the  temperature  and  the  congestive  reactions  which  occur, 
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an  early  diagnosis ;  but,  as  Colleville  has  shown,  a  marked 
rise  of  temperature  in  such  cases  does  not  necessarily 
imply  that  latent  tuberculosis  is  present,  and,  although 
frequently  met  with  in  tubercular  subjects,  the  serum 
reaction  must  not  be  looked  upon  as  really  patho- 
gnomonic. But,  according  to  Hutinel,  injections  in  the 
case  of  tubercular  subjects  are  capable  of  reviving  the 
activity  of  an  old  tubercular  lesion.^ 

4.  In  neurasthenic  conditions,  and  in  the  psychoses 
and  neuroses  which  are  accompanied  with  depression, 
very  good  results  are  obtained  by  the  continued  and 
fractional  methodical  use  either  of  physiological  serum 
or  especially  of  that  of  Cheron  in  small  doses  (5  to  10  c.c. 
yro  die  or  every  other  day). 

5.  Lastly,  Lancereaux  has  spoken  favourably  of  injec- 
tions of  saline  fluid  containing  2  per  cent,  of  gelatine  in 
aneurysm,  and  Tommasoli  has  employed  the  serum  in 
the  treatment  of  extensive  burns  on  more  than  one 
occasion  with  much  success. 

Contraindications  to  the  use  of  artificial  serum  are : 
heart  disease,  chronic  myocarditis,  arterio-sclerosis, 
vascular  over-tension,  oedema  of  cardiac  origin,  conges- 
tive pulmonary  lesions,  dropsy,  renal  inadequacy  and 
sclerosis.  It  must  be  added,  however,  that,  contrary 
to  what  might  have  been  expected,  Lefevre,  of  Lyons, 
has  never  had  any  success  in  the  treatment  of  diabetic 
coma  by  saline  injection. 

Artificial  serums  are  employed  either  by  intra-venous 
injection  or  by  the  method  of  hypodermic  injection.  In 
both  cases  large  quantities  of  fluid  may  be  administered, 
although  obviously  the  subcutaneous  mode  of  procedure 

^  Cf.  Landouzy,  op,  at, 

k2 
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is  better  adapted  to  the  injection  of  smaller  quantities. 
At  the  present  time  in  everyday  practice  the  latter 
method  is  usually  employed,  on  account  of  the  ease  with 
which  the  operation  is  performed  and  its  harmlessness. 
As  a  rule,  the  injections  are  given  at  a  temperature  of 
40°  C,  because  the  necessary  manipulations  cause  a 
slight  fall  of  temperature  ;  but  they  may  be  given  with- 
out inconvenience  at  a  higher  (Kicher)  or  even  at  a 
lower  temperature  (Lepine).  Used  as  enemata,  serums 
have  been  praised  by  Villanova,  Eitz,  Pauchet  and 
Boulangier  in  haemorrhages  after  abortion,  the  haemor- 
rhage of  typhoid  fever,  infantile  diarrhoea  and  the 
gastro-intestinal  disturbances  of  children.  Given 
after  an  evacuating  enema,  in  quantities  of  200  to 
500  grm.,  or  3  to  5  litres  per  diem,  they  promote  diuresis 
and  diaphoresis. 

The  following  are  the  formulae  of  the  principal  artificial 
serums : 

1.  Physiological  or  surgical  serum — 

Chloride  of  sodium      ...         ...         7  grm.  "50 

Distilled  and  sterilised  water...  1,000     ,, 

Tn  infants  5  to  30  grm.  per  injection,  10  to  90  grm. 
jjer  diem.  In  adults  10  to  500  grms.  per  injection, 
10  to  3,000  grm.  per  diem. 

2.  Hay  em's  serum — 

Sulphate  of  soda  ...         ...       10  grm. 

Chloride  of  sodium      ...         ...         5     ,, 

Distilled  and  sterilised  water...  1,000     ,, 

The  doses  are  the  same  as  those  for  physiological 
serum. 


8  grm. 

4     „ 

2     „ 

1      ,, 

100     „ 

ler  day. 

10  grm. 

5     „ 

2     „ 

100     „ 
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3.  Cheron's  serum — 

Pure  sulphate  of  soda 

Phosphate  of  soda 
Chloride  of  sodium 
Crystallised  carbolic  acid 
Distilled  and  sterilised  water... 

From  5  to  10  c.c.  i^er  diem  or  every  other  day. 

4.  Huchard's  serum — 
Phosphate  of  soda 
Chloride  of  sodium 
Sulphate  of  soda         ...         ...         2     ,,       '50 

Distilled  and  sterilised  water. 

5.  Huchard's  serum  modified  (Lyon) — 
Chloride  of  sodium      ...         ...  \ 

Phosphate  of  soda       ...         ...  f-  a  a  1  grm. 

Sulphate  of  soda         ...         ...  J 

Distilled  and  sterilised  water...     100     ,, 

From  2  to  8  c.c.  every  day. 

Apart  from  the  slightly  mineralising  action  of  the 
serum  of  Cheron  and  Huchard,  physiological  serum  in 
the  proportion  of  7*5  per  1,000  appears  to  give  the  best 
results,  especially  in  infections  and  intoxications.  This 
is  probably  because  the  fluid  is  absolutely  isotonic  with 
the  red  corpuscles,  for,  when  less  concentrated,  the  latter 
become  spherical  and  lose  their  haemoglobin,  and  at  a 
higher  concentration  the  corpuscles  break  up  and  shrink, 
whereas  when  the  proportion  is  at  7*5  to  1,000  they 
undergo  no  change  of  form  and  retain  their  haemoglobin. 

Quite  recently  Quinton^  has  proposed  to  replace  the  in- 
jections of  saline  fluid  by  those  of  sea  water.   As  a  matter 

1  Soc.  de  Biologie,  May,  1898. 
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of  fact  sea  water  is  isotonic,  and  it  is  the  only  artificial 
medium  in  which  the  leucocytes  can  live  for  more  than 
twenty-four  hours ;  further,  its  salts  are  those  found  in 
the  organism  and  nearly  in  the  same  proportions,  except 
as  regards  the  magnesia.  However,  Bosc  and  Vedel 
have  shown  that  sea  water,  when  injected  pure,  is 
slightly  toxic,  and  is  therefore  inferior  to  physiological 
serum.  Although  the  experiments  of  Julia  and  of  Hal- 
lion  have  shown  that  sea  water  is  not  really  toxic,  yet 
this  method  has  not  been  adopted  clinically. 

De  Eenzi,  some  years  ago,  advocated  the  use  of  an 
iodised  serum  in  the  treatment  of  surgical  tuberculosis  ; 
its  composition  is  as  follows  : 

Pure  iodine ...         1  grm. 

Iodide  of  potassium      ...         ...         3     ,, 

Chloride  of  sodium       ...         ...         6     ,, 

Distilled  and  sterilised  water  ...  1,000     ,, 

It  is  given  subcutaneously  in  quantities  of  from  200  to 
300  c.c.  iKv  diem.  According  to  De  Eenzi,  the  results 
obtained  are  satisfactory  if  the  use  of  the  serum  be 
continued  sufficiently  long,  and  if  a  tonic  and  nourish- 
ing regime  is  also  adopted.  Quite  recently  Buvat^ 
has  studied  a  new  method  of  treating  mental  maladies 
by  means  of  serums  containing  bromides  and  iodides 
combined  with  chlorides,  and  this  method,  although  still 
in  quite  an  early  stage,  seems  destined  to  give  very 
interesting  results. 

The  bromide  serum  has  the  following  composition : 

Bromide  of  sodium       ...         ...         6  grm. 

Chloride  of  sodium       ...         ...         1     ,,     '50 

Distilled  and  sterilised  water  ...  1,000     ,, 

1  These  de  Paris,  1901. 
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It  has  a  markedly  sedative  action  in  melancholia  accom- 
panied with  anxiety,  in  maniacal  delirium  of  senile 
subjects  ;  in  epilepsy  it  rapidly  diminishes  the  number 
of  attacks  and  stimulates  all  the  physiological  functions. 
Iodide  serum  is  composed  of : 

Chloride  of  sodium       6  grm. 

Iodide  of  potassium      2     ,, 

Sulphate  of  soda  ...         ...         2     ,, 

Distilled  and  sterilised  water  ...  1,000     ,, 

It  is  an  extremely  active  anti-sclerotic  agent,  which 
gives  results,  more  especially  in  syphilitic  general  para- 
lysis and  in  specific  mental  cases.  It  rapidly  checks 
wasting  and  considerably  diminishes  the  tendency  to 
febrile  and  congestive  attacks ;  but  as  regards  the 
mental  disorders,  and  those  of  speech  and  of  vision, 
the  results  are  usually  nil. 

All  of  these  serums  are  innocuous ;  they  may  be  given 
hypodermically  in  the  large  quantity  of  500  c.c.  every 
day  or  only  every  two  or  three  days,  according  to  cir- 
cumstances. The  contraindications  for  their  use  are  the 
same  as  for  ordinary  serums. 

Lastly,  the  serum  of  Trunecek  has  recently  been  advo- 
cated in  the  treatment  of  arterio- sclerosis.   Its  formula  is  : 

Sulphate  of  soda 
Chloride  of  sodium 
Phosphate  of  soda 
Carbonate  of  soda 
Sulphate  of  potash 
Distilled  water  q.s.  ad  ... 

This  serum  represents  the  composition  of  the  alkaline 
salts  of  normal  blood  serum,  but  in  ten  times  more  con- 
centrated  solution.      Levi    uses    it   subcutaneously   in 


0  grm.  '44 
4  „  -92 
0  grm.  '15 
0  „  -21 
0  „  -40 
100  c.c. 
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doses  of  2  c.c.  at  the  commencement,  gradually  increased 
by  1  c.c.  every  second  day  until  5  c.c.  are  attained ;  he 
maintains  this  dose  unless  pain  is  too  severe.  This 
serum  may  also  be  made  use  of  in  enemata  in  the  daily 
quantity  of  35  c.c.  According  to  Mathieu,  some  success 
has  followed  its  use  in  arterio-sclerosis  and  in  chronic 
rheumatism. 

4.  The  Metatkophic  Method. 

This  method  has  been  suggested  by  Eichet  and 
Toulouse,  in  order  to  avoid  the  drawbacks  attending 
bromide  medication,  which  is,  of  course,  very  efficacious 
in  epilepsy,  but  apt  to  lead  to  bromism  through  the 
employment  of  the  large  doses  (10  to  15  grm.)  which 
are  necessary  in  order  to  lengthen  the  interval  between 
the  attacks  and  to  cause  their  cessation. 

The  metatrophic  method  consists  in  gradually  depriving 
the  organism  of  alimentary  alkaline  salts,  and  particularly 
of  chlorides,  so  as  to  render  the  nerve  cells,  thus  partially 
demineralised,  able  to  appropriate  certain  medicinal  sub- 
stances which  possess  similar  properties.  Eichet  and 
Toulouse  have  thus  treated  thirty  epileptic  women  who 
were  placed  on  a  diet  very  poor  in  chlorides.  It  was 
found  that  daily  doses  of  2  grm.  of  bromide  of  sodium 
alone  were  sufficient,  sometimes  in  less  than  a  week, 
to  cause  the  disappearance  of  the  attacks  when  this 
method  was  adopted.  When  the  convulsive  attacks 
were  replaced  by  those  of  jjetit  mal  it  was  sufficient 
to  increase  the  daily  quantity  of  bromide  by  1  to  2  grm. 
in  order  to  relieve  the  symptoms.  Yet  in  these  doses, 
on  account  of  the  greater  activity  of  the  remedy,  it 
may  happen  that  symptoms  of  bromide  intoxication 
supervene ;    further,   it    is    advisable    not   to    abruptly 
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cease  the  treatment,  in  order  to  avoid,  at  the  time  of 
the  cessation,  a  return  of  the  seizures,  which  may  then 
be  still  more  frequent  than  before.  The  diet  to  which 
the  patient  must  be  submitted  for  this  method  to  be 
carried  out  is  quite  harmless. 


(     138     ) 


IV. 

EESPIEATOEY  ALTEEANTS. 
1.  Elements  and  Factors  of  Eespiratory  Disturbances. 

In  disease  of  the  respiratory  apparatus  it  is  necessary 
to  consider,  from  the  therapeutic  standpoint,  several 
conditions  :  the  respiratory  function,  cough,  bronchial 
secretion,  and  local  infection.  All  the  drugs  which 
exert  an  influence  on  one  of  these  conditions  or  on 
several  of  them  jointly  are  capable  of  modifying 
respiration. 

A. — The  investigation  of  the  chimisme  respiratoire 
affords  a  means  of  examining  the  modifications  of  the 
respiratory  function.  This  mode  of  research  has  led 
Eobin  and  Binet  to  the  verification  of  very  important 
principles  concerning  the  treatment  of  pulmonary  affec- 
tions. These  authors  have  shown  that  the  respiratory 
exchanges  and  the  pulmonary  ventilation  are  both 
considerably  increased  in  tubercular  phthisis,  while  they 
are,  on  the  contrary,  markedly  diminished  in  bronchitis, 
simple  pleurisy,  pneumonia,  and  maladies  of  the  same 
class.  Influenza,  when  affecting  the  lungs,  forms  the 
only  exception ;  the  exchanges  in  this  malady  have 
much  in  common  with  those  of  phthisis,  but  they  are  far 
less  marked.^ 

Without  stopping  here  to  consider  the  consequences  of 

1  Eobin  and  Binet:  ''Conditions  et  diagnostic  du  terrain  de  la 
tuberculose  pulmonaire"  (Ac.  de  Med.,  March  19th,  1901). 
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this  discovery  from  the  point  of  view  of  prophylaxis  and 
of  the  early  diagnosis  of  tuberculosis,  it  is  enough  to 
remark  that  in  the  one  condition  the  therapeutic  indica- 
tion which  arises  from  it  is  the  employment  of  remedies 
which  are  capable  of  increasing  the  respiratory  exchanges, 
and  thus  to  combat  the  defective  haematosis ;  and,  in  the 
other  malady  (tuberculosis),  to  retard  these  processes  in 
order  to  check  consumption. 

Amongst  the  respiratory  stimulants,  it  must  unfortu- 
nately be  admitted  that,  except  pure  oxygen  given  by 
inhalation,  which  has  been  long  known  and  which 
renders  inestimable  services  whenever  haematosis  and 
the  gaseous  exchanges  are  defective,  we  do  not  possess 
any  really  efficacious  remedy,  and  the  majority  of  those 
recommended  as  such  are,  on  the  contrary,  respiratory 
sedatives,  or  simply  agents  which  modify  the  bronchial 
secretions.  The  researches  of  Impens  prove  that  in  this 
matter  there  is  a  true  therapeutic  void.  The  experiments 
of  this  author  have  included  a  very  large  number  of  sub- 
stances :  he  found  that  caffein  caused  a  slight  acceleration 
of  the  frequency  of  respiration,  yet  the  volume  of  air  intro- 
duced is  not  increased,  but  is,  on  the  contrary,  diminished. 
Camphor  and  oxycamphor  diminish  the  excitability  of 
the  respiratory  centre  and  the  frequency  of  respiration, 
and  they  slightly  increase  the  total  volume  of  air,  which 
accounts  for  their  use  as  antidyspnoeics,  but  their  effects 
are  inconstant  and  transitory.  It  is  the  same  as  re- 
gards strychnine,  and,  apart  from  its  action  being  very 
temporary,  it  is  necessary  to  employ  dangerously  large 
doses  in  order  to  obtain  any  definite  results ;  hence  it  is 
not  a  remedy  that  can  be  confidently  recommended.  As 
regards  the  salts  of  ammonium,  the  acetate  seems  to  be 
the  least  inactive,  but  it  is  very  uncertain ;    the  sulphate 
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increases  the  amplitude  of  the  respiratory  movement, 
but  not  the  ventilation  of  the  lung.  Thebain,  picrotoxin, 
aspidospermine,  and  tropococain  have  no  sort  of 
influence :  lastly  atropine  increases  the  frequency,  the 
volume  of  each  respiration  and  the  total  volume  ;  but  it 
causes  distress,  and  this  distress,  as  Impens  observes,  is 
doubtless  the  cause  of  the  increased  frequency.  Further, 
atropine  is  much  too  poisonous  to  be  safely  employed  in 
daily  routine. 

The  respiratory  sedatives  are,  on  the  other  hand,  both 
numerous  and  efficacious,  and  .  among  these  remedies 
may  be  cited  arsenic,  the  tannates,  the  iodides  and  bro- 
mides, cod-liver  oil,  and  finally  the  vegetable  essences, 
spirit  of  turpentine  and  its  derivatives  (terpine  and 
terpinol),  eucalyptus,  niaouli,  &c.,  which  act  chiefly  by 
modifying  the  pulmonary  secretions  and  the  area  of 
infection ;  we  shall  study  these  later  on.  It  should  be 
noticed  that  the  vegetable  essences  act  more  directly 
than  do  other  respiratory  sedatives  upon  the  gaseous 
exchanges,  inasmuch  as  they  are  eliminated  to  some 
extent  by  the  pulmonary  mucous  membrane,  and  they 
take  part  in  the  metabolism  of  the  anatomical  elements 
of  the  organism,  while  the  preparations  of  arsenic  and  of 
iodine,  &c.,  do  not  modify  the  respiratory  activity,  as  we 
have  seen  in  studying  the  cacodylates  (p.  52),  except  by 
delaying  and  moderating  the  general  metabolic  ex- 
changes, whose  diminution  naturally  involves  a  smaller 
need  of  oxygen. 

B. — Cough  is  due  to  a  succession  of  short,  sudden, 
frequent  expirations,  which  cause  a  characteristic  sound 
in  consequence  of  the  passage  of  air  through  the  bronchi 
and  trachea,  thus  expelling  foreign  bodies  and  accu- 
mulated mucus.     Cough  is  a  reflex  action  due  to  the 
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irritation  of  the  terminations  of  the  pneumogastric 
nerve  in  the  larynx.  Hence  it  is  a  defensive  action,  and 
hence,  also,  it  should  not  be  treated  without  good  cause. 
In  the  majority  of  pulmonary  affections  cough  merely 
detaches  and  removes  expectoration,  and  in  this  case  is 
generally  loose;  it  arises  from  direct  irritation,  and 
should  be  encouraged  by  appropriate  drugs  ;  the  deriva- 
tives of  turpentine — terpinol  especially — are  here  very  use- 
ful, as  they  liquefy  the  mucus  and  thus  help  its  expulsion. 

Dry  cough,  on  the  other  hand,  is  useless  and  even 
injurious ;  it  does  not  encourage  expectoration,  and  arises 
from  inflammation,  or  in  tuberculosis  from  the  presence 
of  tubercles.  Sabourin  has  shown  that  dry  cough  simply 
excites  irritation,  and  that  the  more  the  patient  coughs 
the  more  he  desires  to  cough.  Hence  it  ought  to  be 
treated.  There  are  two  methods  of  effecting  this.  The 
first  consists  in  making  use  of  substances  which  diminish 
sensibility  and  the  excito-motor  power  of  the  spinal  cord, 
and  thus  check  the  cough ;  such  remedies  are  morphia 
and  its  derivatives,  peronine,  dionine,  and  more 
particularly  heroine,  which  will  be  considered  later 
{vide  p.  249).  Further,  atropine  must  be  included,  as 
it  exerts  a  marked  effect  on  the  chimisme  resjnratoire. 
Codeia  is  less  efficient.  Morphia  and  atropine  diminish 
bronchial  secretion. 

The  second  method,  of  recent  date,  is  more  original ; 
it  has  been  devised  by  Lalesque,  of  Arcachon,  and 
consists  in  controlling  the  cough  hy  discipline.  Sup- 
ported by  Sabourin  and  Detweiler,  Lalesque  recom- 
mends the  following  method  :  just  at  the  moment  when 
laryngeal  irritation,  ending  in  a  dry  cough,  is  noticed  the 
patient  must  gently  close  the  mouth  and  make  a  series 
of  inspirations  through  the  nostrils ;  these  inspirations 
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must  be  deep,  slow,  and  calm,  and  should  be  continued 
till  the  laryngeal  irritation  ceases.  After  a  few  days' 
practice  the  patient  will  be  able  to  suppress  the  dry 
useless  cough,  and  in  future  will  only  cough  in  order  to 
expectorate.^ 

C. — Pulmonary  infection  and  secretion  are  the  causes 
and  the  effects  of  the  morbid  process.  But  although  it 
may  be  right  to  control  the  first,  it  is  not  always  prudent 
to  overcome  the  second,  for  secretion  is  really  a  defensive 
action,  and  is  the  result  of  excessive  activity  on  the  part 
of  the  mucous  cells  and  of  phagocytosis. 

Hence  it  is  very  often  desirable  to  encourage  j)ulmonary 
secretion,  that  is  to  say,  to  arouse  and  maintain  the 
activity  of  the  agents  of  internal  defence,  but  it  is  at 
the  same  time  expedient  to  facilitate  the  elimination  of 
the  secretions  by  rendering  them  more  fluid,  by  which 
process  not  only  are  the  pathogenic  elements  got  rid  of, 
but  also  toxins  which,  if  absorbed,  may  give  rise  to  more 
or  less  serious  disorders.  From  this  point  of  view  certain 
drugs  are  very  valuable  ;  such  are  eucalyptus,  gomenol, 
and  the  derivatives  of  turpentine,  terpine  and  terpinol. 
It  should  be  remembered  that  the  remedies  which 
cause  elimination  both  by  lung  and  kidney  have  also  a 
satisfactory  action  upon  the  genito-urinary  secretions. 

In  addition  to  these  properties,  the  vegetable  essences 
possess  an  antiseptic  power  with  regard  to  certain 
non-specific  pathogenic  bacteria  and  to  certain  micro- 
organisms, such  as  those  of  malaria  and  marsh  fever. 
But  as  regards  antisepsis  of  the  respiratory  tract,  the 
first  place  belongs  without  doubt  to  the  derivatives  of 
creosote,  guaiacol,  phosphotal,  thiocol,  which  drugs  are 
especially  active  against  the  tubercle  bacillus. 

1  Journ.  de  Med.  de  Bordeaux,  March  lOth,  1901. 


EESPIEATOEY  DISTUEBANCES.  143 

The  antiseptic  method  of  combating  infection  may  be 
carried  out  either  by  means  of  inhalation  and  atomi- 
sation,  and  by  intra-pulmonary  injections,  or  by  in- 
ternal administration  which  causes  elimination  by  the 
lungs.  The  latter  method,  which  was  formerly  the 
only  one  made  use  of,  and  which  was  chiefly  confined 
to  the  administration  of  the  balsams  (balsam  of  tolu, 
for  example),  some  of  which  are  slightly  antiseptic, 
does  really  effect  a  disinfection  of  the  pulmonary  alveoli. 
But  the  process  is  often  inefficiently  carried  out, 
the  quantity  of  the  remedy  which  escapes  through  the 
lungs  and  to  the  seat  of  the  lesion  not  being  sufficient 
to  exert  an  efficacious  germicide  action  on  the  organisms 
therein  contained.  Further,  a  distinctly  injurious  effect 
may  ensue  as  regards  the  general  health  by  the 
absorption  from  the  digestive  tract  of  substances 
which  are  detrimental  to  the  economy  ;  thus  in  some 
cases  really  serious  effects  may  be  induced.  But  this 
method  has  the  advantage  over  that  by  inhalation 
and  pulverisation  of  reaching  the  alveoli  of  the  lungs, 
for  vaporisation,  if  it  acts  on  the  broncho-pulmonary 
mucous-membrane,  yet  does  not  reach  the  pulmonary 
alveoli  on  account  of  the  presence  of  residual  air.  Thus 
the  mode  of  treatment  by  the  mouth  has  a  distinct 
advantage  over  that  by  inhalation.  Intra-pulmonary 
injections  certainly  bring  the  remedy  into  direct  contact 
with  the  disease  ;  but  their  performance  unfortunately 
involves  a  delicate  and  difficult  technique,  and  the  results 
obtained  are  by  no  means  constant.  Further,  they  are 
painful  and  liable  to  set  up  inflammatory  phenomena  and 
febrile  reaction. 

We  shall  only  consider  those  drugs  which  are  made 
use  of  in  the  new  methods  of  pulmonary  therapeutics — 
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namely,  on  the  one  hand,  terpine  and  terpinol,  eucalyptol, 
gomenol ;  and,  on  the  other,  creosote  and  its  derivatives, 
phosphotal,  guaiacol,  and  thiocol. 

2.  Vegetable  Essences. 
A.  Derivatives  of  Turpentine,   Terpine  and  Terpinol. 

Terpine  has  been  studied  by  Professor  Lepine,  of  Lyons, 
since  1885.  It  is  a  bihydrate  of  turpentine,  having  the 
formula  C^*^  W^  3H  ^0.  When  pure  it  occurs  in  the  form 
of  upright  rhombic  prisms,  pellucid,  readily  soluble  in 
alcohol  (1  to  7)  and  ether,  less  so  in  boiling  water 
(1  to  22),  and  scarcely  soluble  in  cold  water  (1  to  200). 

Terpinol  is  a  dehydrated  terpine  whose  formula  is 
(CIO  Hi6)2  H^O.  It  is  a  very  mobile  liquid,  volatile  and 
colourless ;  it  possesses  an  odour  which  suggests  that  of 
hyacinth  or  jasmine.  Bouchardat  and  Tanret  have 
obtained  it  in  the  crystalline  form.  It  it  soluble  in 
alcohol  and  ether,  but  insoluble  in  water. 

Terpine  and  terpiiiol  are  eliminated  partly  by  the  lung 
and  partly  by  the  kidney ;  they  have  an  influence  upon 
the  bronchial  secretion,  and  that  of  the  urinary  tract, 
not  merely  on  account  of  their  slight  antiseptic  endow^- 
ment,  but  also  from  their  power  of  stimulating  the 
glandular  and  mucous  elements.  But  terpinol  is  much 
more  active  on  the  bronchial  secretions  than  is  terpine, 
and  the  latter  has  more  effect  on  the  urinary  secretions, 
as  proved  by  Dujardin-Beaumetz ;  this  depends  u]3on 
the  greater  volatility  of  terpinol.  Hence  in  pulmonary 
affections  the  latter  is  to  be  preferred,  but  it  may  some- 
times be  advantageously  combined  (for  example,  in 
influenza  with  pulmonary  complications)  with  terpine, 
which,  in  small  doses,  increases  the  urinary  secretions. 
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Further,  neither  terpme  nor  terpinol  appears  to  be 
markedly  toxic,  as  Guelpa  has  given  up  to  4  and  6  grm. 
to  a  healthy  man  without  any  obvious  disturbance  arising. 
Nevertheless,  in  bronchitis  and  phthisis,  a  marked  slowing 
of  the  respiration  and  a  diminution  in  the  gaseous 
exchanges  are  initiated  by  the  use  of  these  drugs,  but  to 
a  lesser  extent  than  occurs  when  oil  of  turpentine  is 
employed  in  toxic  doses.  Lastly,  contrary  to  the  latter, 
it  does  not  seem  that  terpine  and  terpinol  have  more  than 
a  very  slight  action  on  the  temperature  and  on  the  nutri- 
tive exchanges.  It  should  be  remarked  that  when  a 
patient  is  taking  these  drugs,  and  more  especially  terpine, 
when  cold  nitric  acid  is  added  to  the  urine  a  slight  cloud 
occurs  at  the  point  of  contact  of  the  two  fluids;  this  must 
not  be  mistaken  for  albumin. 

Terpine  and  terpinol  are  employed  in  most  pulmonary 
and  vesical  affections,  but  more  frequently  in  the  first 
than  in  the  second,  because  in  bladder  troubles  essence  of 
turpentine  is  more  efficacious.  Under  the  influence  of 
these  remedies  the  bronchial  secretions  are  considerably 
modified ;  they  become  more  fluid  and  are  consequently 
more  easily  expectorated,  and  their  disagreeable  odour  is 
removed.  When  administered  continuously  in  small  doses 
in  early  tuberculosis  they  effect  a  considerable  change 
both  in  the  stethoscopic  signs  and  in  the  appearance  of  the 
expectoration,  which  becomes  more  mucous  in  character. 

Terpine  may  be  given  in  cachets  in  doses  of  from 
10  to  20  centigrammes,  four  to  eight  pro  die,  or  in  the 
following  manner : 

Terpine         0  grm. '50 

Alcohol  20     „ 

Syrup  of  tolu  30     ,, 

Distilled  water         ,,,         ...  100     ,, 

M.T.  L 
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To  be  taken  in  the  twenty-four  hours.  But,  without 
inconvenience,  up  to  1,  2  or  3  grm.  of  terpine  can  be 
given  per  diem.  Terpinol,  owing  to  its  insolubility, 
must  be  given  in  capsules  each  containing  10  centi- 
grammes, or  it  may  be  ordered  in  pill  form.  The 
following  formula  is  proposed  by  Tanret : 

Terpinol...         1    _ 

Benzoate  of  soda  ...  J  ^ 

Sugar     q.s. 

In  one  pill,  6  to  12  jper  diem.  On  account  of  its  slight 
volatility,  terpine  is  not  made  use  of  either  by  inhala- 
tion or  by  atomisation ;  but  terpinol  may  be  employed 
in  this  form  when  combined  with  tincture  of  eucalyptus 
and  alcohol : — 

Terpinol ...   |        -  -  -.^ 

Tincture  of  eucalyptus  ...   J  ^      * 

Alcohol 200     „ 

Water       800—1,000     „ 

This  preparation  may  be  vaporised  in  a  hand- atomiser 
and  be  made  to  impregnate  the  air  breathed  by  a  patient 
in  a  small  room  or  in  an  enclosure  formed  by  white 
curtains  with  which  the  patient's  bed  can  be  surrounded, 
100  to  150  grm.  being  employed  every  two  or  three 
hours.  From  time  to  time,  of  course,  the  air  must 
be  renewed,  curtains  being  drawn  back.  This  mode  of 
treatment,  in  w^hich  moisture  of  atmosphere  is  united 
with  the  action  of  essences,  gives  very  good  results  in  the 
pulmonary  affections  of  childhood  and  in  foetid  bronchitis ; 
in  the  latter  malady  the  odour  is  very  rapidly  removed. 
Lastly,  terpinol  maybe  employed  as  a  rectal  injection  in 
the  form  of  medicated  vapour.  This  is  absorbed  by  the 
mucous  membrane  and  eliminated  by  the  lungs,  whose 
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secretion  it  influences  in  the  same  way  as  when  it  is 
taken  up  from  the  alimentary  canal. 

B.  Eucalyptol  and  Eucalyptus. 

Eucal^'ptol  is  an  essential  oil  derived  from  a  myrtaceous 
plant,  the  eucalyptus  globulus.  Its  formula  is  C^-  H^"  0.  It 
is  a  yellowish  liquid,  distilling  at  175°,  very  soluble  in 
alcohol,  but  slightly  so  in  water.  It  acts  like  terpine, 
but  its  antiseptic  powers  are  more  marked,  and  are  very 
well  defined  in  respect  of  the  micro-organisms  of  malarial 
fever.  According  to  Gimbert  and  Binz,  eucalyptol  exerts 
but  a  trifling  and  transitory  irritating  action  on  the  skin 
and  mucous  membrane,  it  moderates  nervous  action  ; 
when  given  in  larger  doses  it  causes  drowsiness  and 
intellectual  prostration,  slows  the  respiration,  diminishes 
the  gaseous  exchanges,  and  slightly  lowers  temperature 
and  vascular  tension.  Like  terpine  and  terpinol,  it  is 
partially  eliminated  by  the  lungs  and  partially  by  the 
kidneys,  giving  to  the  urine,  like  turpentine,  the  odour 
of  violets. 

Eucalyptol  and  the  preparations  of  eucalyptus 
(powdered  or  entire  leaves,  tincture,  Szc.)  were  at  first 
made  use  of  in  bronchitis  and  genito-urinary  catarrh.  But 
when  in  1865  Tristan  showed  their  value  in  intermittent 
fever,  the  preparations  of  eucalj^ptus  were  freely  given 
in  such  cases  and  with  very  satisfactory  results,  as  proved 
by  the  statistics  of  Keller.  These  results  were  in  part 
attributed  to  the  antiseptic  power  of  the  essential  oil,  and 
it  was  therefore  attempted  to  make  use  of  this  product 
in  the  treatment  of  tuberculosis  and  of  serious  pulmonary 
affections,  more  especially  as  it  exerts  a  powerful  action 
on  bronchial  secretion.  Besides  phthisis,  pneumonia 
and  broncho-pneumonia,  chiefly  in  children,  have  been 

l2 
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also  treated  in  the  same  way,  as  have  pulmonary 
gangrene,  bronchial  dilatation,  fcetid  bronchitis,  and 
pleuro-pulmonary  fistula  in  empyema.  It  has  also  been 
made  use  of,  in  combination  with  benzoic  acid,  as  an 
antiseptic  for  the  mouth  and  throat  (Gillet). 

Owing  to  its  penetrating  taste,  eucalyptol  is  given  by 
the  mouth  only  in  the  form  of  capsules,  in  doses  of  50 
centigrammes  to  1  grm.  '50  j^er  diem.  It  is  ordered  also 
in  the  form  of  tincture  of  eucalyptus,  combined  with  syrup 
of  turpentine,  syrup  of  tolu,  or  syrup  of  cachou,  in  doses 
of  from  5  to  20  grm.  _/:>e?'  diem.  A  eucalyptus  wine  and 
an  infusion  of  the  leaves  are  also  employed,  but  the 
aromatic  taste  of  these  preparations  is  disagreeable  to 
many  patients.  Eucalyptus  and  eucalj-ptol  are  most 
often  employed  by  inhalation  and  vaporisation,  not 
merely  in  pulmonary  diseases,  but  also  in  those  of  the 
upper  respiratory  and  digestive  tracts,  on  which  they 
exert  an  antiseptic  influence,  and  this  more  especially 
in  sore  throat,  both  simple  and  complicated,  in  laryngeal 
diphtheria,  tuberculosis,  syphilis  and  cancer  of  the 
lar^^nx.  The  following  is  a  formula  for  the  drug  used  by 
inhalation — 


Eucalyptol       

...     20  grm. 

Essence  of  turpentine 

...     20     „ 

Creosote 

...     20     „ 

Ether 

...       5     „ 

and  by  vaporisation  (Smith) — 

Tincture  of  eucalyptus     . . . 

10  grm. 

Essence  of  turpentine 

10     „ 

Alcohol  a  65°         

...        200     „ 

Distilled  water       

...        780     „ 

Lastly,  in  the  case  of  children,  it  is  often  sufficient  to 
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cover  a  few  handfuls  of  eucaly^jtus  leaves  with  boiling 
water  and  to  cause  the  resulting  vapour  to  be  inhaled. 

The  use  of  hypodermic  injections  of  eucalyptol  has 
been  recommended  (Eoussel)  in  tuberculosis,  from  15  to  30 
centigrammes  being  used  _2^e?'  diem  in  an  appropriate 
vehicle.  But  the  results  obtained  do  not  appear  to  be 
superior  to  those  which  ensue  from  the  method  of  ingestion 
or  inhalation,  so  far,  at  least,  as  the  stethoscopic  signs 
and  the  expectoration  are  concerned,  but  the  chimisme 
respiratoire  seems  to  be  checked  and  the  temperature 
lowered  to  a  greater  degree. 

C.  Essence  of  Niaouli :   Gomenol. 

The  essence  of  niaouli,  first  investigated  by  Dujardin- 
Beaumetz  and  Main,  and  which  is  derived  from  the 
Melaleuca  viridijiora,  possesses  properties  which  are  com- 
parable, from  the  point  of  view  of  their  action  upon  the 
bronchial  secretions  and  impaludism,  to  eucalyptol ;  but, 
owing  to  impurities  contained  in  it,  this  essence  has 
sometimes  proved  inefficacious,  and  has  been  replaced  by 
gomenol,  an  essence  obtained  from  the  Melaleuca  viridi- 
jiora, which  flourishes  in  the  Gomen  region  of  New 
Caledonia,  by  special  processes  which  ensure  constancy 
of  composition. 

Gomenol  is  a  yellow  volatile  liquid,  of  aromatic  odour 
and  burning  taste,  which  is  insoluble  in  water,  but  soluble 
in  alcohol,  ether  and  in  oils.  According  to  Bertrand,  it 
contains  eucalyptol,  terpinol,  citrene  and,  lastly,  traces  of 
aldehydes  ;  hence  its  composition  resembles  that  of  the 
synthetic  terpinol  of  List,  although  it  contains  a  higher 
percentage  of  eucalyptol  (66  per  cent.).  Although 
gomenol  appears  to  be  still  less  toxic  than  terpinol  and 
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eucaljptol,  since  4  frrm.  of  the  active  principle  per  living 
kilogramme  do  not,  according  to  Main,  exert  any  delete- 
rious influence  on  the  rabhit,  yet  it  possesses  definite 
antiseptic  properties ;  indeed,  3  per  cent,  solutions  of 
gomenol  retard  in  a  marked  degree  the  development 
of  the  bacillus  of  Koch,  and  5  per  cent,  solutions  stop  the 
growth  entirely.  The  same  effect  is  produced  on  the 
growth  of  staphylococci  and  of  gonococci,  but  the 
growth  of  streptococci  is  only  arrested  when  8  per  cent, 
solutions  are  employed. 

Gomenol  does  not  seem  to  influence  either  the  heart 
or  the  circulation,  but  it  has  an  analgesic  effect  on  the 
nervous  system.  It  diminishes  the  number  of  paroxysms 
of  cough,  even  in  pertussis,  moderates  their  violence, 
checks  nervous  vomiting;  and,  according  to  Dubousquet- 
Laborderie,  it  assuages  rheumatic  and  influenzal  neuralgic 
pains  when  used  as  a  liniment  and  paint  in  oily  solution. 
Lastly,  although  it  seems  to  be  less  efficacious  than  oil 
of  turpentine  and  terpinol  in  controlling  the  secretion  of 
the  genito-urinary  mucous  membrane,  it  has,  on  the 
other  hand,  a  powerful  influence  on  bronchial  secretion, 
and  on  the  appearance  and  tenacity  of  the  exudation, 
and  it  lowers  in  a  marked  degree  the  chimisme  resjnratoire, 
which  tends  to  approach  the  normal,  in  the  early  period 
of  phthisis,  as  Laumonier  has  proved.  Along  with  this 
diminution  of  the  gaseous  exchanges  there  is  a  return  of 
appetite  and  an  increase  of  body  weight. 

Gomenol  was  originally  employed  in  the  treatment  of 
wounds,  both  accidental  and  operative,  in  solutions  of 
2'5  to  3  per  1,000,  and  also  in  burns;  further,  as  an 
oily  preparation,  in  the  treatment  of  neuralgia  and  of 
uterine  catarrh,  as  an  injection  of  2  per  cent,  strength 
in  prostatitis,  cystitis  and  blenorrhagia,  in  which  it  has 
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given  good  results.  In  pulmonary  disease  and  especially 
tuberculosis  gomenol  acts  well  and  is  superior  to  terpinol, 
which  Dujardin-Beaumetz  places  at  the  head  of  the  list 
of  remedies  available  in  bronchial  affections.  Not  only 
are  the  secretions  generally  influenced,  but  the  cough 
and  expectoration  and  dyspnoea  are  all  diminished ; 
further,  the  abnormal  auscultatory  sounds  are  changed 
in  character,  the  crepitations  lose  their  consonating 
quality,leading  Laffont  to  believe  that  there  is  a  tendency 
to  the  cicatrisation  of  the  lesions.  Tt  has  been  noticed 
by  DuboQsquet  that  the  number  of  bacilli  in  the  expecto- 
ration diminishes  and  that  they  may  entirely  disappear. 
Lastly,  as  the  night  sweats  cease  there  is  sometimes  a 
tendency  for  the  temperature  to  become  normal. 

The  remed}^  is  employed,  internally,  only  in  capsules, 
on  account  of  its  aromatic  taste ;  each  capsule  contains 
0  grm.  '25  gomenol,  4  to  10  2^ro  die.  When  there  is 
gastric  disorder  the  hypodermic  method  is  preferable ; 
the  injections  are  composed  of : 

Pure  gomenol...         .'..         ...         ...     10  grm. 

Sterilised  olive  oil      40     ,, 

From  1  to  10  c.c.  are  used ;  but  not  more  than  1  c.c. 
should  be  employed  in  the  first  instance,  especially  in 
patients  in  whom  there  is  a  congestive  or  erethitic 
tendency,  tubercular  or  not,  in  order  to  ascertain  the 
sensitiveness  to  the  treatment.  In  torpid  forms  the 
dose  may  be  rapidly  raised,  and  may  be  carried  to 
20  c.c,  being  the  equivalent  of  4  grm.  of  gomenol  j>ro 
die.  This  is  the  maximum  dose.  Lastly,  gomenol  may 
be  employed  by  inhalation  and  atomisation,  and  used 
in  this  way  it  may  replace  eucalyptol  or  tincture  of 
eucalyptus  in  the  formulae  already  given  (p.  148). 
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3.  Creosote  and  its  Derivatives. 
A.  Creosote. 

Creosote  is  a  yellow  caustic  liquid  but  slightly  soluble  in 
water,  but  soluble  in  alcohol.  It  is  obtained  from  the  dis- 
tillation of  tar  derived  from  beech-wood.  Creosote  contains 
from  60  to  90  per  cent,  of  guaiacol,  and  to  this  constituent 
a  portion  of  its  active  properties  appears  to  be  due. 

Amongst  these  properties  the  most  remarkable  is  its 
antiseptic  power.  This  is  greatly  superior  to  that  of 
phenol,  since,  according  to  Guttmann,  0  grm.  '25  per 
1,000  of  creosote  checks  the  growth  of  cultures  of 
tetragenes  of  staphylococci  and  of  the  cholera  bacillus ; 
according  to  Bouchard  the  quantity  required  lies  between 
0  grm.  '50  and  1  grm.  per  1,000  to  arrest  the  growth  of 
Eberth's  bacillus  and  that  of  Koch,  but  Marcus  and 
Pinet  find  that  the  lethal  dose  for  this  purpose  is  not 
less  than  10  per  1,000.  As  a  result  of  this  antiseptic 
power  there  is  a  marked  toxic  effect,  for  when  injected 
into  a  vein  a  fatal  dose  of  creosote  is  0  grm.  '17  per 
living  kilogramme;  when  injected  hypodermically  it  is 
about  2  grm.  according  to  Main,  in  the  rabbit  and  the 
guinea-pig.  In  man  the  toxicity  varies,  but  with  quantities 
less  than  0  grm.  'lOper  kilogramme  marked  symptoms  of 
poisoning  occur — giddiness,  profuse  sweating,  difficulty 
of  breathing,  hypothermia  and  torpor,  &c. ;  however, 
it  is  shown  by  the  method  of  Burlureaux  that  in  certain 
cases,  and  when  the  kidneys  are  healthy,  15  grm.  of 
creosote  j^^'o  die,  corresponding  to  0  grm.  '25  per  kilo- 
gramme on  the  average,  may  be  tolerated.  Lastly, 
creosote  is  strongly  caustic,  and,  although  when  dissolved 
in  oil  it  may  be  fairly  well  borne,  it  not  seldom  causes 
erythema  and  abscess,  sometimes  also  lymphangitis,  and 
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more  rarely  gangrene.  In  therapeutic  doses  (2  to  3  grm. 
pro  die)  it  seems  to  have  but  shght  effect  on  the 
circulation,  nutrition  and  the  nervous  system,  but  it 
tends  to  reduce  the  frequency  of  respiration.  It  is 
eliminated  to  a  moderate  degree  by  the  lungs,  much 
more  freely  by  the  kidneys.  In  the  urine  it  appears  as 
creosol-sulphate  and  guaiacol- sulphate  of  potash,  and  it 
imparts  to  the  urine  a  black  or  greenish-black  colour, 
which  is  frequently  an  evidence  of  a  special  intolerance, 
or  that  the  dose  administered  is  too  large,  approaching 
that  which  is  toxic  for  the  organism  treated. 

Since  the  researches  of  Bourchard  and  Gimbert,  creo- 
sote has  been  more  especially  emjDloyed  in  pulmonary 
tuberculosis.  As  Berlioz  says  :  "  The  favourable  influ- 
ence of  creosote  in  pulmonary  tuberculosis  is  firmly  estab- 
lished ;  at  present  it  is  the  best  remedy  which  we  possess 
for  this  malady,  and  I  affirm  that  those  phthisical  patients 
in  whom  the  lesions  are  not  irreparable,  and  who  are  able 
to  take  creosote  in  the  requisite  quantities,  and  also  to 
live  in  the  open  air,  have  a  very  good  chance  of  being 
cured."  Creosote  may  also  be  employed  in  pulmonary 
gangrene  and  in  foetid  bronchitis. 

Internally  a  good  preparation  of  creosote  is  creosoted 
cod-liver  oil  in  the  proportion  of  2*50 — 5  per  100,  and 
this  more  particularly  in  children ;  4  to  6  teaspoonfuls 
daily  or  more  may  be  given  if  well  borne.  It  may 
also  be  ordered  in  the  form  of  pills,  each  containing 
0  grm.  '10,  or  in  that  of  enemata  (1  grm.  '50  creosote 
dissolved  in  oil  and  a  yolk  of  egg  added);  the  latter 
especially  in  those  cases  in  which  the  stomach  cannot 
tolerate  the  remedy.  But  the  best  mode  of  administra- 
tion appears  still  to  be  that  by  hypodermic  injection, 
according  to  the  method  of  Burlureaux. 
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This  method  is  founded  on  the  principle  that,  as  regards 
both  creosote  and  other  antiseptics,  large  doses  must  be 
employed  if  the  maximum  effect  is  to  be  obtained.  In 
order  to  avoid  gastric  intolerance,  which  is  rapidly 
induced,  large  hypodermic  injections  are  made  use  of.  As 
a  matter  of  fact,  the  affected  tissues  in  consequence  of 
the  local  changes  in  the  vessels  do  not  permit  the  remedy 
to  penetrate  with  facihty,  but,  as  Peter  has  observed,  the 
impregnation  of  neighbouring  regions  which  are  still 
healthy  opposes  an  obstacle  to  the  extension  of  the 
tubercle  bacillus. 

Burlureaux  makes  use  of  the  following  formula : 

Beech-wood  creosote     10  grm. 

Sterilised  pure  olive  oil        ...     150     ,, 

which  is  injected  hj^podermically  by  means  of  an  appa- 
ratus which  bears  his  name,  or  by  some  other  mechanism 
which  ensures  a  continuous  pressure.  The  method  is 
based  on  the  principle  of  the  manometer,  and  the  instru- 
ment is  furnished  with  a  tap,  which  allows  the  liquid 
to  flow  or  to  be  arrested  at  pleasure.  The  skin  must 
be  most  carefully  rendered  aseptic,  as  also  the  needle 
and  apparatus  ;  care  must  be  taken  not  to  wound  the 
vessels,  or  otherwise  serious  accidents  may  occur.  The 
back,  or  a  locality  in  which  there  is  loose  connective 
tissue,  is  selected,  and  from  50  to  150  c.c.  of  the  oily 
solution  are  slowly  injected  at  one  sitting ;  it  seems  to 
us  scarcely  possible  to  exceed  this  quantity,  although 
Burlureaux  has  been  able  to  go  up  to  250  c.c.  At  least 
half  an  hour  should  be  spent  in  injecting  100  c.c. 
The  operation  is  somewhat  painful  and  tedious,  and  it 
may  cause  erythema  or  abscess,  as  also  symptoms  of 
intoxication.     Hence  it  is  well  to  proceed  with  circum- 
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spection,  and  only  to  employ  large  doses  by  gradual 
increase  of  the  quantity. 

Given  in  this  way,  creosote  is  eliminated  by  the  skin 
(hence  cutaneous  complications),  by  the  kidneys  (so  that 
occasionally  pain  in  the  renal  region  occurs,  and  even 
slight  albuminuria  when  the  doses  are  too  large),  and  by 
the  lungs.  If  the  remedy  is  well  borne  localisation  of 
the  pulmonary  lesion  ensues.  The  latter  tends  to  cicatrise, 
and  a  general  improvement  of  health  is  observed  ;  some- 
times, indeed,  a  complete  cure  is  established,  according 
to  Burlureaux. 

Amongst  the  derivatives  of  creosote  may  be  mentioned 
creosotal,  or  carbonate  of  creosote ;  creosocamjjlioVf  or 
camphorate  of  creosote ;  creosol,  or  tannate  of  creosote ; 
tophosol,  or  tannophosphate  of  creosote  ;  eosote,  or  vale- 
rinate  of  creosote ;  i^hosote,  or  phosphate  of  creosote, 
itc.  We  shall  only  consider  pliospliotal,  or  phosphite 
of  creosote,  as  this  remedy  has  given  really  interesting 
results. 

B.  Phosplwtal. 

Phosphotal  is  the  neutral  phosphite  of  creosote,  which 
is  used  in  the  same  way  and  for  the  same  purposes  as 
creosote  itself ;  it  is  less  irritating  than  the  latter  and 
less  caustic.  Phosphotal  is  but  slightly  soluble  in  water, 
and  is  given  in  capsules  containing  0  grm.  "20  of  the 
remedy ;  it  may  also,  and  preferably,  be  administered 
in  emulsion.  This  prej)aration  contains  9'5  per  cent,  of 
phosphoric  acid,  which  is  set  free  in  the  intestine,  and 
which  is  by  no  means  without  effect  in  the  treatment  of 
tuberculosis. 

It  is  from  the  latter  aspect  that  the  action  of  phos- 
photal   has   been   carefully    investigated.      The  effects 
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obtained  are  both  uniform  and  satisfactory.  As  a  result 
of  the  administration  of  phosphotal,  two  principal  facts 
stand  out  prominently :  the  first  is  that  a  very  definite 
effect  is  exerted  on  the  cJiimisme  respiratoire,  although 
only  a  small  quantity  of  creosote  is  eliminated  by  the 
lungs;  the  pulmonary  secretions  are  favourably  influenced, 
the  expectoration  loses  its  purulent  aspect,  and  when 
the  disease  is  not  in  an  advanced  stage  amelioration  of 
the  stethoscopic  signs  is  observable.  The  second  fact  is 
that  a  general  tonic  effect  is  elicited,  which  is  no  doubt 
due  to  the  influence  of  the  phosphorus  contained  in  the 
preparation.  The  appetite  is  often  improved  and  the 
body  weight  steadily  increases.  As  the  result  of  bacterio- 
logical examination,  Laumonier  has  found  that,  in  four 
cases,  there  was  a  marked  diminution  in  the  number  of 
associated  bacteria,  which  would  explain  the  improve- 
ment that  was  observed,  the  reduction  of  temperature, 
the  favourable  change  in  the  expectoration  and  the 
return  of  ajDpetite.  The  only  drawback  to  the  use  of 
this  remedy  is  its  tendency  in  some  cases  to  cause 
vomiting  when  taken  by  the  stomach,  but  this  objec- 
tion can  be  overcome  by  administering  the  emulsion  of 
the  drug  by  enema. 

C.   Giiaiacol. 

Guaiacol  is  the  active  principle  of  beech-wood  creosote, 
of  which  it  contains  from  60  to  90  per  cent.  That  portion 
which  distils  between  200°  and  205°  C.  is  collected,  but  this 
product  is  generally  more  or  less  impure,  and  the  crystal- 
lised synthetic  guaiacol  is  usually  preferred.  Natural 
guaiacol  is  a  colourless  liquid  with  an  aromatic  odour ; 
both  varieties  are  but  slightly  soluble  in  water,  but  are 
soluble  in  alcohol  and  the  fixed  oils. 
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Guaiacol  possesses  the  same  general  qualities  as 
creosote,  but,  ^Yhen  pure,  it  is  less  irritating,  and  has 
a  strikingly  defined  anaesthetic  and  antipyretic  quality 
when  painted  on  the  skin.  Unfortunately  the  anti- 
pyretic action,  which  commences  from  fifteen  to  twenty 
minutes  after  the  application,  and  lasts  several  hours, 
may  be  attended  with  disagreeable  sensations  and 
sweating,  which  are  very  unpleasant  to  the  patient, 
and  ^he  fever  may  then  return  and  be  accompanied 
with  shivering. 

The  antiseptic  power  of  guaiacol  resembles  that  of 
creosote  ;  its  toxic  equivalent,  ascertained  by  Main,  is 
1  grm.  '87  for  each  living  kilogramme,  in  the  case  of 
the  rabbit  and  guinea-pig,  when  the  drug  is  injected 
subcutaneously.  Hence  its  toxic  power  is  scarcely  inferior 
to  that  of  creosote.  Guaiacol  is  very  rapidly  absorbed  by 
the  mucous  membranes  and  the  skin  ;  it  is  eliminated 
especially  by  the  urine  in  the  form  of  a  sulpho- con- 
jugated combination,  which  occasionally  gives  a  black 
colour  to  the  secretion.  Only  a  small  amount  of  the 
guaiacol  taken  is  got  rid  of  by  the  lungs — from  30  to  40 
per  cent. 

The  local  analgesic  action  of  guaiacol  has  been  utihsed 
in  the  treatment  of  neuralgia,  rheumatism,  inflammatory 
pain,  and  more  particularly  in  that  of  orchitis,  but  it  is 
now  little  employed  as  an  antithermic.  On  the  other  hand, 
it  has  been  substituted  for  creosote  in  the  treatment  of 
pulmonary  tuberculosis,  on  account  of  the  fact  that  it  is 
far  better  tolerated,  and  because  the  same  clinical  effect 
is  produced  by  smaller  doses.  In  every  case  an  improve- 
ment is  observed  in  the  cldmisme  resjnratoire,  the  number 
of  attacks  of  coughing  is  diminished  (Goldammer),  the 
exjpectoration   and    the    pulmonary   added   sounds   are 
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favourably  influenced,  and  there  is  a  return  of  appetite 
and  strength.  Both  untoward  and  poisonous  effects  are 
far  more  seldom  observed  than  in  the  case  of  creosote. 

Guaiacol  is  given  in  doses  of  from  0  grm.  '50  to  1  grm. 
per  diem,  in  the  form  of  pills  and  in  solution  with  cod-liver 
oil.  The  latter  method  is  preferable  for  children ;  when 
given  hypodermically  oil  containing  guaiacol  (5  per  cent.) 
may  be  employed  in  quantities  of  from  1  to  4  c.c.  i^er  diem. 

D.  Thiocol. 

Thiocol  or  sulphoguaiacolate  of  potash  (C^H.OH. 
CH^O.SO^K)  is  a  fine  white  powder,  of  bitter,  saltish 
taste,  but  leaving  a  sweet  after-taste,  without  smell, 
which  is  soluble  in  four  parts  of  cold  and  in  one  part  of 
hot  water.  This  drug  contains  52  per  cent,  of  guaiacol, 
according  to  Schnirer,  60  per  cent,  according  to  Schw^arz. 
Its  great  advantage  over  the  other  guaiacol  or  creosote 
preparations  is  that,  even  in  concentrated  doses,  it  causes 
no  irritation  of  mucous  membranes,  and  is  very  easily 
absorbed.  According  to  Eossbach,  72  per  cent,  of  the 
ingested  thiocol  is  absorbed,  which  is  a  distinct  advantage 
over  similar  products.  Further,  it  is  not  markedly  toxic, 
for  this  author  has  given  up  to  20  grm.,  and  even  more, 
of  thiocol  daily  to  dogs  without  any  untoward  results 
ensuing;  on  the  contrary,  the  animals  increased  in 
weight.  Its  action  on  the  heart  and  circulation  is 
nearly  nil.  As  regards  its  antiseptic  pow'er,  it 
does  not  appear  that  any  special  researches  have  been 
undertaken. 

The  action  of  thiocol  depends  upon  the  guaiacol  and 
sulphur  combination  contained  in  it.  It  has  been  recom- 
mended not  only  in  the  treatment  of  chronic  bronchitis,  of 


CEEOSOTE    AND   ITS   DEKIVATIVES.    -  159 

enteric  fever,  and  of  enteritis,  but  especially  in  that  of 
tuberculosis.  This  product  has  been  chiefly  employed  in 
Germany ;  it  is  but  little  known  in  Erance,  and  deserves  to 
be  more  so.  According  to  Schwarz^  thiocol  never  sets  up 
vomiting  or  diarrhoea  in  tubercular  patients  ;  it  markedly 
increases  appetite,  and  has  a  favourable  influence  on  the 
general  health,  increasing  weight  and  diminishing  the 
number  and  severity  of  the  attacks  of  coughing.  At  the 
same  lime  the  cough  becomes  easier  and  the  purulent 
expectoration  gives  place  to  that  which  is  sero-mucous 
only,  while  the  night  sweats  become  less  severe  and  finally 
disappear.  When  the  temperature  has  been  febrile  before 
the  treatment,  it  is  not  unusual  for  it  to  become  normal 
without  the  necessity  of  any  antipyretic  being  made  use 
of.  Lastly,  when  tuberculosis  is  not  very  far  advanced, 
the  crepitation  first  of  all  diminishes  and  then  disappears 
and  the  percussion  dulness  is  less  marked. 

Thiocol  is  given  internally  in  cachets,  of  0  grm.  '25  to 
0  grm.  '50,  and  up  to  6  may  be  ordered  pro  die ;  or  in 
solution.  In  the  case  of  children  it  is  advisable  to  make 
use  of  a  quantity  of  0  grm.  '20,  which  is  put,  just  before 
use,  into  a  warm,  sweetened  liquid,  so  that  the  slightly 
bitter  taste  may  be  disguised.  In  Germany  from  10  to 
15  grm.  of  thiocol  are  given  daily ;  but  it  is  unnecessary 
to  resort  to  the  use  of  such  large  quantities,  for  3  to  5  grm. 
generally  suffice,  in  order  that  satisfactory  results  may 
be  obtained.  Thiocol  may  also  be  used  by  subcutaneous 
injection  in  an  appropriate  vehicle  (water,  glycerine,  oil) 
which  has  been  carefully  filtered  and  sterilised,  in  the 
daily  dose  of  from  1  grm.  '50  to  3  grm.  No  inflammatory 
or  toxic  accidents  have  been  observed. 

1  Yratch.  XIX.,  1898,  No.  12,  p.  569. 
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4.  Intka-Pulmonary  Injections. 

It  has  been  thought  that  by  the  method  of  intra- 
pulmonary  injection  it  may  be  possible  to  bring  the 
bactericidal  agent  into  the  very  heart  of  the  lesion  and 
of  the  infected  tissues,  and  in  this  way  to  kill  the  patho- 
logical virus  and  to  arrest  the  effects  to  which  it  gives 
rise.  Further,  it  has  been  hoped  to  produce  by  the 
same  method  a  sclerosis  and  cicatrisation  of  the 
developed  lesions. 

Fernet  and  Comby,  who  have  spoken  highly  of  this 
method  of  treatment,  esj)ecially  in  tuberculosis,  make 
use  of  p  naphthol,  aristol,  or  of  beech-wood  creosote 
as  antiseptic  agents  ;  in  Germany  guaiacol,  and  more 
especially  thiocol,  are  preferred. 

The  following  formulae  are  suitable  for  this  method  of 
treatment : — 

y8  Naphthol 0  grm. '40 

Tragacanth 0     ,,     '20 

Distilled  and  sterilised  water     20     ,, 
30  centigrammes  for  each  injection  (Fernet). 

Beech-wood  creosote      1  grm. 

Sterilised  oil       ...         ...         ...     15     ,, 

1  to  2  c.c.  at  the  most  for  each  injection  (Comby).     Three 
to  four  injections  to  arrest  the  progress  of  the  lesion. 

Thiocol 1  grm. 

Oil  or  sterilised  water    ...         ...     10     ,, 

The  same  quantities  as  above  (Schwarz). 

It  is  obvious  that  these  injections  should  not  be 
employed  unless  the  lesion  is  limited  and  of  small  extent, 
otherwise  it  would  be  necessary  to  occupy  the  lung  with 
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the  remedy.  Hence  it  follows  that  a  most  important 
contra-indication  is  the  absence  of  this  limitation  of 
lesion ;  a  second  contra-indication  is  a  too  violent  reaction 
to  the  treatment  which  is  manifested  by  some  individuals, 
or  the  occurrence  of  profuse  haemoptysis  (Gilbert). 

In  order  to  carry  out  the  treatment  a  Pravaz  syringe 
is  employed,  but  in  the  first  instance  the  needle  only 
should  be  introduced,  in  order  to  be  certain  that  no 
vessel  has  been  pierced,  as  otherwise  embolism  is 
possible  ;  the  needle  should  not  be  inserted  to  a  greater 
depth  than  from  3  to  4  centimetres,  and  the  proximity 
of  vessels  must  be  avoided. 

The  effect  of  this  treatment  is  usually  very  marked. 
The  injection  causes  severe  pain,  in  consequence  of  the 
irritation  of  the  local  nerve  filaments  :  this  pain  is  not 
always  localised ;  it  may  extend  to  the  neck,  shoulder,  and 
arm.  The  added  sounds  in  the  neighbourhood  of  the 
area  injected  disappear,  but  soon  return,  finally  ceasing 
altogether.  Sometimes  fine  crepitations  indicate  the 
onset  of  local  congestion,  and  in  some  cases  signs  of 
pleuro-pneumonia  supervene,  with  crepitation,  pleural 
friction,  and  dulness  on  percussion;  but  in  all  cases 
such  forms  of  inflammation  only  last  two  or  three  days. 
If  the  injection  penetrates  a  bronchus  severe  fits  of 
coughing  ensue,  accompanied  in  some  cases  by  the 
voiding  of  a  portion  of  the  injection  with  the  expectora- 
tion. Consecutively  to  these  results  the  crepitation  and 
friction  sounds  disappear  and  the  expectoration  ceases 
to  be  purulent;  loss  of  resonance  on  percussion  and 
cicatricial  contraction  of  the  lesion  ensue. 

As  regards  general  effects,  an  elevation  of  the  tempera- 
ture is  noticed  in  the  first  instance ;  the  fever  rarely 
exceeds  39°  C,  and  generally  disappears  after  twenty- 
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four  hours  :  it  may  be  attended  with  palpitation  and 
with  an  increase  of  dyspncea ;  but  when  these  symp- 
toms have  passed  away  a  gradual  improvement  in  the 
general  health  is  observed,  which  is  especially  marked 
after  each  series  of  injections,  and  at  the  same  time  the 
reaction  consecutive  to  the  operation  becomes  less  promi- 
nent. In  the  most  favourable  cases,  when  the  lesions  are 
not  too  extensive  and  are  localised,  a  marked  increase  of 
strength  is  observed,  the  body  weight  rises,  the  fever 
disappears,  together  with  night  sweating  and  diarrhoea. 
In  a  word,  the  patient  is  on  the  high  road  to  recovery, 
and  this  may  be  perfected  by  means  of  an  appro- 
priate diet,  rest  and  out-of-door  treatment.  But  it  must 
be  admitted  that  these  very  successful  cases  are  few  and 
far  between,  for  this  method  is  not  often  employed  on 
account  of  the  comparative  difficulty  attending  its 
technique.  It  is  chiefly  adopted  when  other  means  have 
failed,  and  then  the  lesions  are  too  widespread  for  the 
treatment  to  have  any  definitely  good  results. 
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V. 

EENAL  ALTERANTS. 

1.  Urinary  Toxicity  and  the  Eliminative  Agents. 

The  reactions  of  the  synthesis  of  assimilation  and  the 
destruction  of  tissue  of  which  the  economy  is  the  seat 
give  rise  to  the  production  of  useless  or  toxic  matters, 
which  must  be  got  rid  of,  inasmuch  as  these  products — 
excepting  some  which  are  partially  utilised  (some  secre- 
tions, fats,  &c.),  or  which,  being  almost  insoluble,  are 
normally  deposited  in  the  tissues  {alhumo'ides.  mineral 
matters,  &c.),  and  form  the  resisting  portion  of  the  body, 
the  skeleton,  which  are  pathologically  crusted  over  cer- 
tain tissues  (ankylosis,  atheroma,  &c.) — do  not  enter  into 
the  constitution  of  the  living  complex,  being  anisotonic 
for  this  latter,  and  consequently  hinder  the  manifestation 
of  its  elementary  life,  its  functional  activity.  Physiologi- 
cally, these  products  are  soluble,  either  intrinsically  or 
in  consequence  of  the  changes  which  they  undergo  in 
the  organism  in  the  healthy  condition,  and  they  are 
eliminated  more  or  less  rapidly,  their  temporary  accumu- 
lation causing  merely  local  fatigue,  when  it  is  limited  to 
a  single  organ,  or  general  exhaustion  ending  in  sleep, 
when  it  results  from  prolonged  functional  activity  of  the 
whole  body.^ 

These  products,  with  the  exception  of  carbonic  acid  and 

1  Cf.  J.  Laiimonier  :  "  Physiologie  generale,"  pp.  403  et  seq.  ;  and 
'* La  fatigue  et  le  sommeil"  (ite'i'we  UniverseUe,  October  9tli,  1902). 
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certain  biliary  matters,  are  got  rid  of  chiefly  by  the 
urine,  and  hence  it  is  easy  to  understand  that  the  latter 
is  normally  toxic. 

In  morbid  conditions  the  urinary  toxicity  varies  within 
wide  limits.  When  this  toxicity  is  least  marked  it  often 
happens  that  the  patient  is  most  seriously  ill,  either 
because  in  this  event  the  toxic  matters  are  to  a  great 
extent  insoluble,  or  because  the  kidney  is  more  or  less 
impervious  to  the  passage  of  poisonous  matters.  On  the 
other  hand,  defervescence  in  acute  disease  and  in  the  infec- 
tions is  accompanied,  and,  indeed,  preceded,  by  the  dis- 
charge of  urine,  which  contains  a  large  amount  of  toxins. 
It  is  obvious  that  in  some  conditions  the  production  of 
toxins  and  the  urinary  toxicity  follow  a  parallel  course. 

It  follows  from  the  preceding  considerations  that  it  is 
very  useful  to  be  acquainted  with  the  degree  of  toxicity 
of  the  urine.  This  toxicity  has  three  chief  sources : 
alimentation  and  gastro-intestinal  fermentation,  the 
accessory  products  of  assimilation,  and,  lastly,  dis- 
assimilation  or  tissue  destruction.  Several  methods  have 
been  devised  to  determine  the  degree  of  this  toxicity. 

The  method  of  Bouchard  consists  in  collecting  and 
filtering  the  total  urine  passed  in  twenty-four  hours ; 
this  is  then  injected,  at  a  constant  rate,  into  a  peripheral 
vein  of  a  rabbit.  The  animal  dies,  and  the  quantity  of 
the  urine  introduced  is  divided  by  its  body  weight.  The 
lethal  quantity  thus  determined  per  kilogramme  is  a 
urotoxie.  In  a  healthy  man  40  c.c.  of  urine  are  required 
to  kill  a  kilogramme  of  the  animal  experimented  upon  ; 
the  total  quantity  of  urine  (about  1,200  c.c.)  thus  kills 
30  kilogrm.,  and  corresponds  to  30  urotoxies.  The 
urotoxic  coefficient  is  obtained  by  dividing  the  number  of 
urotoxies  accumulated  in  twenty-four  hours  by  the  body 
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weight.  The  average  coefficient  is  0*461.  Clearly,  as 
already  shown,  severe  infections  diminish  the  toxicity  of 
the  urine  during  the  height  of  the  fever,  hut  increase  it 
at  the  period  of  impending  defervescence.  In  the  same 
way  a  milk  or  a  vegetable  and  milk  diet  lowers  the 
toxicity,  while  a  meat  diet,  and  above  all  the  abuse 
of  viands  w^hich  are  "high,"  increases  it.  Severe 
cerebral  strain  also  increases  the  urinary  toxicity,  as  does 
muscular  overwork,  this  being  proved  by  the  researches 
of  Tissie  and  Sabrazes  on  the  urotoxic  coefficient  of 
cyclists,  in  the  race  from  Paris  to  Bordeaux,  a  coefficient 
which  has  amounted  to  2'35  (Roger). 

The  objection  has  been  made  to  this  method  that  the 
osmotic  tension  of  urine  is  variable,  and  that  the  injec- 
tion of  the  urine  in  any  considerable  quantity  when  its 
osmotic  tension  is  very  high  into  the  veins  of  a  rabbit 
must  affect  the  osmotic  tension  of  the  blood  plasma  in  a 
corresponding  degree  at  the  expense  of  the  blood  cells, 
and  this  in  such  a  way  that  the  toxicity  of  the  urine 
would  be  due  in  reality  to  the  isotonic  variations,  and 
only  partially  to  the  toxic  chemical  action  of  the  urine. 
It  has  also  been  further  objected  that,  in  this  method, 
regard  is  not  had  to  the  volume  of  the  urine,  w^hich  must 
obviously  have  a  direct  influence  on  the  urinary  toxicity 
apart  altogether  from  the  difference  of  osmotic  tension 
which  results  in  the  concentration  of  the  fluid.  If  it  is 
assumed  that  an  individual  passes  in  250  c.c.  of  urine 
the  same  quantity  of  toxic  matters  which  another  passes 
in  2  litres  of  urine,  the  urotoxic  coefficient  of  the  latter 
wall  obviously  be  much  lower  than  that  of  the  former, 
although  as  a  matter  of  fact  the  elimination  of  toxic 
material  is  the  same  in  both.  It  is  partly  to  reply  to 
these   objections   that    Bouchard   has    endeavoured    to 
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determine  the  weight  of  the  arerar/e  elahorated  urinary 
molecule.  "The  determination  of  the  weight  of  the 
average  elaborated  urinary  molecule  is  important,  says 
Bouchard,  not  perhaps  as  regards  the  diagnosis  of  the 
illness,  but  in  order  to  ascertain  to  what  extent  the 
disturbance  of  nutrition  has  been  carried  through  the 
illness,  and,  above  all,  to  discover  how  far  an  apparently 
healthy  individual,  or  at  all  events,  one  who  is  not  yet 
or  no  longer  ill  in  any  way,  is  removed  from  a  condition 
of  perfect  health.  It  would  tell  us,  perhaps,  whether 
an  apixirent  convalescence  is  but  apparent,  or  whether 
behind  the  seeming  recovery  there  may  not  be  some 
latent  pathological  condition.  It  may  also  inform  us 
whether  a  man  who  believes  himself  to  be,  and  seems 
to  be,  in  perfect  health  is  not  already  in  the  grasp  of 
some  hidden  disease,  such  as  tuberculosis,  syphilis,  or 
nephritis."  ^  But,  as  Bouchard  ^  adds,  the  practical  appli- 
cations of  the  method  of  determining  the  toxicity  of  the 
average  elaborated  molecule  are  not  very  obvious. 

More  useful  in  clinical  work  would  seem  to  be  the 
coefficient  of  urinary  toxicity  arising  from  the  relation- 
ship of  the  extractive  matters  to  the  total  nitrogen  of  the 
urine.  This  method  A.  Eobin  substitutes  for  that  which 
relies  upon  the  determination  of  the  urotoxies.  What 
in  reality  are  these  extractive  matters?  They  are  the 
incompletely  elaborated  products  which,  as  a  matter  of 
fact,  confer  on  the  urine  its  more  or  less  marked  toxicity, 
that  is  to  say,  creatin  and  creatinine,  the  xanthic  and 
the  sulpho-conjugated  bodies  ;  the  amidated  acids  and 
complex  amides  ;  the  different  ammoniacal  constituents  ; 

1  Boucliard :  "  Traite  de  Pathologie  Generale  :  Troubles  pre- 
alables  cle  la  Nutrition,"  t.  iii.,  p.  2-19. 

2  Oi).  cU.,  p.  280. 
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the  colouring  matters,  &c.,  and  occasionally  the  tox- 
albnmins  and  true  toxins,  or,  to  speak  more  accm-ately, 
their  derivatives.  These  several  matters,  whose  nature 
and  proportions  vary  according  to  the  illness,  the  con- 
dition of  the  digestion,  and  that  of  the  liver  and  kidneys, 
cause,  when  they  accumulate  in  the  organism,  for  some 
reason  or  other,  the  phenomena  of  auto-intoxication. 
The  proportion  of  the  extractives  to  the  total  nitrogen 
gives  then,  more  or  less  correctly,  making  allowance  for 
the  uric  acid,  the  coefficient  of  urinary  toxicity.  In 
this  way  it  is  possible  to  avoid  the  experimental  deter- 
mination of  the  urotoxie  and  the  relatively  complicated 
and  delicate  technique  which  it  requires. 

The  conception  of  the  urinary  toxicity  and  the  know- 
ledge of  the  causes  which  produce  variations  in  its 
degree  emphasise  the  importance  which  attaches  to 
those  drugs  which  act  on  the  elimination  of  these  toxic 
matters,  inasmuch  as  they  remove  from  the  organism 
noxious  substances  and  thus  prevent  the  possibility  of 
auto-intoxication.  Further,  these  remedies  act  either 
upon  the  toxic  material  itself,  or  upon  the  eliminating 
organ,  or  kidney,  and  consequently  upon  the  passage  of 
urine. 

As  usually  it  is  the  size  of  their  molecules  which 
hinders  the  elimination  of  toxic  matters  or  of  incom- 
pletely elaborated  waste  products  in  the  economy,  all 
the  substances  which  diminish  the  dimension  of  these 
molecules  by  decomposition  or  by  oxidation,  or  which 
render  them  more  soluble,  may  be  regarded  as  active 
agents  in  modifying  urinary  elimination,  and  as  possess- 
ing a  kind  of  specific  action. 

But  urinary  elimination  may  be  modified  by  other 
causes ;    in    the  first   place,   by   a    purely    mechanical 
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influence,  that,  namely,  which  increases  the  l)lood 
pressure.  This  increase  of  pressure  may  be  the  result 
of  increased  impulsive  action  of  the  heart,  or  it  may 
arise  from  the  volume  of  the  circulatory  area  being 
diminished,  either  by  the  action  of  the  vaso-constrictor 
nerves  or  by  contraction  of  the  smooth  fibres  of  the  walls 
of  the  vessels ;  it  may  again  be  the  consequence  of 
an  augmentation  in  the  volume  of  the  blood  through 
absorption  of  a  certain  quantity  of  water.  It  must  be 
remembered  that,  in  order  to  act  diuretically,  the  drugs 
which  contract  the  circulatory  area  should  not  act  on 
the  vessels  of  the  kidney,  otherwise  angemia  of  this  organ 
will  ensue,  and  its  functions  will  be  languidly  discharged, 
thus  leading  to  a  diminished  quantity  of  urine  being 
secreted.  It  is  easy  to  understand,  when  the  histological 
structure  of  the  kidney  and  the  differential  calibre  of  the 
afferent  and  efferent  vessels  of  the  Malphigian  glomeruli 
are  considered,  that  an  increase  of  pressure  in  the 
afferent  vessels  necessarily  leads  to  an  increased  elimina- 
tion, and  consequently  to  increased  diuresis.  However, 
the  increase  in  the  amount  of  urine  only  affects  the 
absolute  quantity  of  the  water,  and  does  not  materially 
alter  the  amount  of  the  residue,  except  so  far  as  the 
holding  of  chlorides  is  concerned,  for  this  latter  con- 
stituent is  naturally  increased  when  absorption  of  oedema 
or  of  effusions  such  as  occurs  in  ascites,  cardiac  dropsy, 
&c.,  takes  place.  But  it  is  proved  that  those  diuretics 
which  act  by  increasing  the  volume  of  the  blood — water, 
injections  of  artificial  serum,  &c. — by  diluting  to  a  certain 
degree  some  constituents  of  the  blood,  augment  the 
solubility  of  these  constituents,  and  consequently  aid 
their  elimination.  Amongst  the  mechanical  diuretics 
(those  which  act  by  increasing  the  blood  pressure)  may 
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be  mentioned  veratrine  in  minute  dose,  digitalis,  theo- 
bromine, ergot  of  rye,  and  the  various  so-called  cUalytic 
diuretics,  thus  named  because  they  attract  to  themselves 
the  extra-vascular  liquids  and  thus  increase  the  volume 
of  the  blood ;  these  are  the  carbonates,  chlorides  and 
alkaline  nitrates,  &c. 

In  the  second  place  must  be  considered  the  irritant 
diuretics ;  these  act  more  particularly  by  stimulating 
the  kidney  and  thus  exciting  its  functional  activity, 
probably  by  a  reflex  which  ends  in  the  vaso-motor, 
and  perhaps  special  secretory  nerves  of  the  kidney.  The 
mechanism  of  the  action  of  these  substances,  turpentine, 
terpine,  copaiba,  cubebs,  broom,  and  probably  the  salts 
or  strontium,  is  still  very  obscure ;  but  it  seems  certain 
that  these  remedies  are  capable  of  effecting  more  or  less 
marked  alteration  as  regards  the  secretion  of  urine,  and, 
consequently,  of  the  nature  and  quality  of  the  matters 
eliminated,  not  merely  by  their  presence,  ^Yhich  is  dis- 
covered in  the  urine  and  which  causes  the  renal  irrita- 
tion, but  also  by  their  elective  action  on  certain  of  the 
histological  elements  which  either  excrete  or  which  select 
the  matters  eliminated. 

2.  Ueinary  x^lteeants. 
A.  Spermine. 

For  some  time  spermine  was  confounded  with  piper- 
azine,  but  the  researches  of  Poehl  especially  have  proved 
that  the  substances  are  distinct  the  one  from  the  other  in 
the  chemical  sense,  and  therefore  also  therapeutically. 

The  formula  of  the  spermine  of  Poehl  is  C^ff^N^  and 
differs  from  that  of  synthetic  piperazine,  or  the  double 
ethylenimine  of  Ladenburg,  which  is  C^ff^N^.     It   is 
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met  with,  according  to  Poebl,  in  most  of  the  body 
tissues,  and  especially  in  the  prostate  and  ovaries, 
pancreas,  spleen  and  thyroid  gland,  and  lastly  in  the 
testicle,  whence  it  has  been  thought  to  be  the  active 
principle  of  orchitine.  This  nitrogenous  base  is  a 
whitish  powder,  very  soluble  in  water  and  in  artificial 
serum.  When  a  solution  of  a  spermine  salt  is  treated 
wdth  phosphoric  acid  in  the  presence  of  alcohol,  an 
insoluble  phosphate  of  spermine  is  formed  which  is  pre- 
cipitated in  crystals.  It  seems  that  the  crystals  may  be 
met  with  in  certain  diseased  states  in  the  body  humours, 
and  more  particularly  in  some  serous  secretions,  the 
semen  and  blood,  where  they  have  been  described  as 
Charcot-Leyden  crystals. 

Spermine,  therefore,  would  appear  to  form  one  of  the 
normal  constituents  of  the  blood  and  one  of  the  active 
principles  of  all  the  organic  extracts  (see  Opotheraijy), 
It  plays  the  part  of  an  energetic  oxidising  agent,  and 
behaves  like  one  of  the  oxydases,  as  is  proved  by  the 
experiments  of  Poehl.  This  author  has  indeed  shown 
that  solutions  of  spermine,  even  in  small  quantities, 
transform  considerable  amounts  of  metallic  magnesium 
into  the  oxide  of  the  metal,  restore  the  oxidising  power 
of  the  blood  which  has  been  diminished  or  abolished  by 
chloroform,  or  carbonic  oxide,  and  raise  the  rate  of 
oxidation  in  the  urine  of  those  who  make  use  of  the 
remedy.  In  the  latter  case,  however,  the  oxidising  power 
of  spermine  only  declares  itself  so  long  as  the  remedy 
remains  soluble,  and  the  diminution  of  the  alkalinity  of 
the  body  juices  and  of  the  blood  appears  to  cause  the 
transformation  of  soluble  into  insoluble  spermine — in 
other  words,  leads  to  the  formation  of  phosphate  of  sper- 
mine or  Charcot-Leyden  crystals,     Hence  it  follows  that 
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every  influence  which  tends  to  alter  the  normal  reaction 
of  the  organic  media  lo^Yers  the  oxidative  power,  leads  to 
an  accumulation  of  leucomaines  and  of  similar  products 
of  decomposition,  and  hence  to  auto-intoxication. 

According  to  Poehl,  spermine  takes  its  origin  in  the 
nuclein,  and  more  especially  in  the  nuclein  of  the 
leucocytes.  This  oxydase,  which  appears  at  the  same 
time  as  the  xanthic  bodies,  by  oxidation  of  these  latter, 
leads  to  the  stage  of  urea  formation,  but  should  the 
alkalinity  of  the  plasma  be  diminished,  then  uric  acid 
is  produced ;  should  the  alkalinity  disappear,  spermine 
becomes  insoluble,  and  the  nuclein  bases  are  no  longer 
transformed  or  oxidised.  Hence  it  follows  that  the  toxic 
troubles  which  may  occur  under  these  circumstances  may 
be  annulled  by  administration  of  spermine,  as  has  been 
observed  by  F.  Eichter  and  Lcevy  in  Senator's  clinic. 
The  hyperleucocytosis,  which  does  not  delay  its  appear- 
ance, is  followed  by  a  renewed  alkalinity  of  the  plasma 
and  by  a  proportional  increase  of  urea. 

From  what  has  preceded  it  will  be  obvious  that  the 
administration  of  spermine  is  indicated  in  any  malady 
in  which  there  is  insufficient  oxidation,  and  when  auto- 
intoxication threatens.  Hence,  such  treatment  may  be 
serviceable  in  anaemia  and  chlorosis,  in  arthritic  disease, 
in  alcoholic  poisoning,  and  lastly  in  the  infections,  inas- 
much as  spermine  accelerates  oxidation  and  consequently 
the  elimination  of  bacterial  toxins.  In  all  these  affec- 
tions the  use  of  spermine  diminishes  the  proportion  of 
uric  acid  and  of  the  extractives  contained  in  the  urine, 
while  it  increases  that  of  urea  and  chlorides.  Poehl, 
Hirsch,  and  M.  Salomon  record  cases  of  scorbutus, 
rickets,  of  the  uric  acid  diathesis  and  of  anaemia  which 
have  been  very  favourably  influenced,  and  even  cured. 
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by  the  use  of  the  remedy.  In  anaemia  and  chlorosis 
Hirsch  suggests  that  iron  or  h?ematogen  be  administered 
together  with  spermine. 

The  remedy  has  also  given  excellent  results  in  the 
treatment  of  organic  disease  of  the  nervous  system, 
neuritis,  paralysis,  tabes,  neuroses,  as  also  in  hysteria 
and  epilepsy,  and  above  all  in  severe  neurasthenia. 
Max  Salomon  has  published^  observations  on  this  point 
which  are  absolutely  conclusive,  and  which  tend  to 
corroborate  the  earlier  researches  of  Ewald,  Eulenburg, 
Medelet  and  Seuston.  But  the  manner  in  w^hich 
spermine  acts  (it  contains  no  phosphorus)  in  these 
maladies  remains  so  far  altogether  undetermined. 

Spermine  is  given  by  the  mouth  in  the  pure  condition 
in  the  form  of  cachets,  containing  from  0  grm.  '30  to 
0  grm.  '50,  two  to  three  j^^'o  die.  It  may  be  administered 
hypodermically.  Poehl  recommends  the  use  of  a  double 
salt,  chloride  of  spermine  and  of  sodium,  which  is  given 
by  the  mouth  in  aromatic  alcohol  solution  of  4  per  cent, 
strength ;  twenty  to  thirty  drops  are  ordered  two  or 
three  times  a  day  in  a  warm  alkaline  mineral  water.  It 
may  also  be  given  hypodermically  in  sterilised  aqueous 
solution  of  2  per  cent.  ;  injections  of  1  to  2  cubic 
centimetres  are  administered  two  or  three  times  a  day, 
preferably  in  the  vicinity  of  the  spinal  column. 

B.  Piperazine, 

Synthetic  piperazine  is  the  double  ethylene  diamine 
of  Ladenburg,  or  the  diethylene-diamine  of  Hoffmann. 
Its  formula  is  C^  H^^  N^ ;  it  occurs  as  a  white  crystalline 
powder,  soluble  in  water.    It  is  a  strong  base,  combining 

1  Cf.  Berlin.  Klin.  Wochenschrift,  No.  31,  1899. 
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easily  with  acids  ;  its  combination  with  uric  acid  forms 
urate  of  piperazine,  which  is  sokible  in  44  parts  of 
water,  that  is  to  say,  is  much  more  sokible  than  urate  of 
lithia  (3-^0)5  which  is,  however,  the  most  soluble  of  the 
salts  of  uric  acid.  Hydrochloride  of  piperazine  is  also 
made  use  of ;  it  crystallises  freely  and  is  very  soluble ; 
further,  the  tartrate  of  dimethylpiperazine  is  employed 
and  known  as  Ii/cetol. 

Piperazine  is  but  ver}^  slightly  toxic,  and  in  2  per  cent. 
solution  it  never  causes  irritation  of  the  mucous  mem- 
branes. In  vitro  it  rapidly  dissolves  uric  acid  crystals, 
but,  according  to  Van  den  Klep,  it  acts  less  rapidly  on 
uratic  calculi.  According  to  this  author,  it  possesses 
the  property  of  retarding  and  arresting  the  deoxidation 
of  oxyhaemoglobin,  a  quality  which  seems  to  be  contra- 
dictory to  the  other  known  properties  of  the  drug.  When 
injected  subcutaneousl}^  it  considerably  diminishes  the 
proportion  of  urates,  as  Bardet  has  shown,  and  pro- 
portionally increases  the  urea  eliminated.  But,  contrary 
to  what  has  been  maintained  in  Germany,  it  does  not 
appear  to  cause  an  increase  of  the  general  metabolic 
changes  and  a  stimulation  of  nutrition  comparable  to 
that  induced  by  spermine,  a  substance  with  which 
piperazine  has  been  erroneously  confounded,  as  we  have 
seen. 

The  indications  for  the  administration  of  piperazine  are 
all  those  nutritive  disturbances  in  which  an  excess  of  uric 
acid  is  formed,  gout,  gravel,  rheumatism — in  a  word,  the 
arthritic  diathesis.  Under  the  influence  of  this  remedy 
a  marked  change  occurs  in  the  quality  of  the  urine  ;  the 
coefficient  of  nitrogen  increases,  and  there  is  a  speedy 
disappearance  of  the  effects  of  the  presence  of  uric  acid 
in  the  blood  (attacks  of  gout,  &c.).     But  in  some  cases 
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a  discharge  of  urates  has  been  noticed  at  the  commence- 
ment of  treatment,  which  has  caused  the  proportion  of 
nitrogen  in  the  urea  to  the  total  nitrogen  to  fall  below 
80  per  cent. 

Piperazine  and  its  salts  (especially  the  hydrochloride) 
may  be  given  in  solution  or  in  cachets  in  quantities  of 
1  grm.  pro  die.  This  dose  should  not  be  exceeded  when 
pure  piperazine  is  given,  but  if  the  hydrochloride  or 
lycetol  is  used,  up  to  2  grm.  may  be  ordered.  Most 
frequently  the  remedy  is  employed  by  hypodermic 
injection.  The  solutions  used  are  of  1  in  10  strength 
for  pure  piperazine,  1  in  5  for  the  hydrochloride  ;  1  or  2 
cubic  centimetres  of  the  solution  are  given  per  dicni^  a 
quantity  which  represents  0  grm.  10  to  0  grm.  '20  of 
pure  piperazine,  and  0  grm.  '20  to  0  grm.  '40  of  its 
hydrochloride.  Lastly,  alcoholised  solutions  of  10  or  20 
per  cent,  strength  have  been  recommended  for  local 
application  in  the  form  of  Priessnitz's  compresses  to 
gouty  swellings,  and  this  mode  of  treatment  seems  to 
act  successfully. 

C.  Sidonal. 

Sidonal,  or  quinate  of  piperazine,  is  a  synthetic  drug, 
which  occurs  as  a  whitish  powder  wdth  slightly  acid 
taste  and  which  is  very  soluble  in  water. 

This  new  drug  ajDpears  to  be  altogether  devoid  of 
poisonous  properties,  for  its  employment,  even  in  large 
doses,  causes  no  unpleasant  symptoms,  either  as 
regards  digestion  or  circulation  ;  and  it  combines  the 
valuable  properties  of  its  two  constituents — quinic  acid 
and  piperazine. 

Quinic  acid  in  the  organism  becomes  in  the  first 
instance  quinone,  as  Weiss  has  shown,  and  then  forms 
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benzoic  acid,  which  in  presence  of  uric  acid  (whence 
glycocoll  arises)  may  give  origin  to  considerable  quantities 
of  hippuric  acid.  These  facts,  discovered  by  Lautemann 
in  1863,  have  been  denied  by  Eabuteau,  who  maintained 
that  quinic  acid,  hke  all  the  organic  acids,  burns  up  in 
the  economy  in  forming  alkaline  bicarbonates.  But  if 
this  were  so,  as  Bardet  remarks,  quinic  acid  having  been 
administered  in  too  large  doses  would  not  meet  with 
sufficient  glycocoll  in  the  econom}^  to  supply  a  pro- 
portional quantity  of  hippuric  acid.  Further,  the 
recent  researches  of  Adoue  and  Brissemoret  fully  con- 
firm the  theory  of  Urr  and  Keller,  according  to  which 
hippuric  acid  is  formed  at  the  expense  of  benzoic  acid 
and  of  glycocoll,  which  is  derived  from  the  uric  acid. 
Thus,  while  quinic  acid  destroys  a  portion  of  uric  acid 
formed  in  the  bod}^,  the  base — that  is  to  say,  piperazine — 
carries  away  in  the  form  of  soluble  urates  the  proportion 
of  uric  acid  which  has  not  been  decomposed  (Bardet). 
The  combination  of  these  two  substances,  far  from 
altering  their  respective  properties,  on  the  contrary 
develops  the  latter  by  causing  a  different  physiological 
action  to  concur  in  effecting  a  given  result.  And  all 
clinicians,  especially  Leyden  and  Blumenthal,  are  agreed 
that  by  the  employment  of  sidonal  uric  acid  is  in  great 
part  replaced  by  hippuric  acid  in  gouty  urine,  this  latter 
acid  being  very  soluble  in  water  and  not  giving  rise  to 
any  of  the  evil  results  which  ensue  from  the  accumula- 
tion of  uric  acid.  Hence  it  is  more  especially  in  the  uric 
acid  diathesis  in  its  various  manifestations — in  gravel, 
gouty  rheumatism  and  in  typical  gout — that  sidonal  is 
of  service.  In  these  maladies  the  administration  of 
quinate  of  piperazine  shortens  the  duration  of  the 
attacks,    alleviates   the  inflammatory    phenomena,    the 
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swelling  of  the  articulations,  and  checks  the  formation 
of  tophi,  while  it  attacks  and  quickly  renders  more 
soluble  renal  concretions.  Bardet^  has  shown  that, 
although  there  may  not  be  a  marked  increase  in  the 
quantit}^  of  urine  passed,  yet  the  proportion  of  uric  acid 
in  the  urine  steadily  diminishes  and  soon  approximates 
the  normal.  It  must  be  mentioned  that  this  diminution 
in  the  proportion  of  uric  acid  is  not  preceded  by  a  dis- 
charge of  urates,  as  is  observed  in  the  case  of  other 
drugs  possessing  similar  properties,  such  as  piperazine, 
lithia,  &c. ;  on  the  contrary,  from  the  outset  of  treat- 
ment there  is  a  definite  and  progressive  diminution  in 
the  quantity  of  uric  acid  excreted. 

Sidonal  is  given  in  quantities  of  from  3  to  5  grm., 
or  even  up  to  8  grm.,  per  diem  without  any  unpleasant 
symptoms  arising.  It  may  be  administered  in  cachets, 
each  containing  0  grm.  '50,  or  dissolved  in  water ;  the 
treatment  should  be  continued  on  the  average  for  a  week. 
Bardet  advises  that  the  treatment  should  be  persisted 
in  for  about  one  month  after  the  cessation  of  all 
painful  symptoms. 

D.  Qidnoformine. 

In  connection  with  sidonal  a  very  interesting  sub- 
stance must  be  referred  to,  the  uratolytic  qualities  of 
which  have  been  recently  pointed  out  by  Dr.  Bardet :  this 
is  qidnoformine. 

Quinoformine  is  a  combination  by  substitution  of 
quinic  acid  wath  hexamethylenetetramine,  or  formine 
(known  abroad  as  urotropine).      As  already  mentioned, 

1  "Traitemeut  de  la  goutte  et  du  rkumatisme  goutteux  par  le 
sidonal  "  {Bull,  de  thercqjeutique,  April  loth,  1901). 
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quinic  acid  is  transformed  in  the  economy  into  qninone, 
which  siippKes  benzoic  acid,  the  latter  hindering  the 
formation  of  uric  acid  by  making  use  of  the  glycocoll 
(the  combination  produces  hippuric  acid),  which  is 
necessary  to  the  uric  acid  in  order  that  it  may  come 
into  existence.  As  to  the  formine,  it  represents  a  base 
belonging  to  the  same  family  as  inperazine  {vide  172), 
and  which  possesses  nearly  the  same  properties.  It  has, 
further,  the  merit  of  being  a  very  efficacious  antiseptic 
of  the  urinary  tract,  kidney  and  bladder. 

As  Bardet  has  shown,  the  first  effect  of  quinoformine 
is  the  production  of  an  abundant  emission  of  hippuric 
acid,  and  also  of  urates,  very  soluble  in  combination  ;  this 
elimination  of  urates  is  a  genuine  discharge,  to  such  an 
extent  indeed  that,  after  some  days,  the  proportion  of 
uric  acid  in  the  urine  may  fall  below  the  normal.  When 
inflammatory  affections  of  the  kidneys  and  bladder  are 
present,  pyelitis  for  example,  it  is  found  that  the  con- 
tinued employment  of  quinoformine  causes  all  troubles 
to  disappear,  and  prevents  their  return.  In  gout  it 
lengthens  the  intervals  between  the  attacks  and  sup- 
presses the  latter,  provided,  however,  that  a  severe 
regime  free  from  chondrogens  and  poor  in  nucleinic 
elements  be  adopted. 

Hence  quinoformine  is  indicated  in  the  different  mani- 
festations of  the  uric  acid  diathesis,  gout  and  rheumatism 
in  gouty  subjects,  and  in  gravel,  particularly  if  there  is 
reason  to  fear  the  occurrence  of  inflammatory  phenomena 
affecting  the  urinary  apparatus.  It  is  made  use  of  in 
the  quantity  of  from  2  to  4  grammes  'pro  die,  6  grammes 
at  the  most  in  gout,  although  the  remedy  is  quite 
inoffensive.  It  is  given  in  cachets  containing  1  gramme, 
or  dissolved  in  a  little  water. 

M.T.  N 
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E.  Tlieobwmine. 

Theobromine,  the  active  principle  of  cacao,  the  fruit  of 
the  Theohroma  Cacao,  one  of  the  Malvaceae,  is  a  genuine 
diuretic.  An  inferior  homologue  of  caffeine,  theobromine 
(C''  H^  N^  0^)  possesses  well-marked  diuretic  properties 
which  make  it  actually  preferable  to  caffeine  and  digitalis 
on  account  of  its  more  rapid  effect  and  of  its  superior 
activity.  Further,  it  does  not  increase  the  tension  of 
the  cerebral  arterial  system  as  does  caffeine.  Hence, 
where  there  is  increase  of  arterial  tension,  theobromine 
is  preferable  to  caffeine. 

Huchard  and  Eobin  recommend  the  use  of  theobromine 
in  ascites  and  anasarca  of  cardiac  origin,  as  also  in 
parenchymatous  and  interstitial  nephritis.  Owing  to 
the  tonic  action  of  the  drug  oedematous  fluid  is  rapidly 
absorbed  and  afterwards  eliminated,  the  proportion  of 
chlorides  in  the  urine  is  increased,  but  that  of  albumin  is 
but  little  affected.  At  the  same  time  a  rapid  improve- 
ment in  the  general  condition  is  observed,  as  also  the 
disappearance  of  dyspnoea  and  the  return  of  refreshing 
sleep,  &c.  But  if  these  favourable  symptoms  do  not 
make  themselves  evident  after  live  or  six  days'  treat- 
ment, the  administration  of  theobromine  should  be  sus- 
pended, for  it  is  then  certain  that  no  good  result  will 
ensue  from  the  use  of  the  remedy. 

Huchard  advises  that  theobromine  be  given  pure ;  as 
it  is  but  slightly  soluble,  it  must  be  ordered  in  cachets  in 
doses  of  from  2  to  3  grm.  per  diem  ;  sometimes  the  desired 
effect  may  be  obtained  by  doses  of  0  grm.  '50  to 
0  grm.   '60. 

More  frequently  a  mixture  of  salicylate  of  soda  and 
theobromine,  known  as  diiiretln,  is  made  use  of ;  being 
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easily  soluble  in  water,  it  can  be  given  in  solution.  The 
following  is  a  suitable  formula  : 

Diuretin     ...         ...         ...       5  grm. 

Syrup  of  oranges  .. .         ...     25     ,, 

Distilled  water      60     ,,     (Bardet). 

A  tablespoonful  every  two  hours,  each  dose  containing 
about  0  grm.  '40  of  theobromine.  Diuretin  should 
always  be  given  with  circumspection  in  renal  disease  on 
account  of  the  presence  of  salicylic  acid,  which  has  a 
strongly  irritant  action  on  the  kidneys. 


F.  Salts  of  Strontium. 

The  salts  of  strontium  seem  to  have  been  first  used 
therapeutically  by  the  homoeopaths  in  1830.  During 
more  than  fifty  years  these  experiments  remained  isolated 
or  unknown,  and  it  was  not  until  1885  that  Hassan  in  his 
thesis  called  attention  to  the  researches  of  Yulpian  on  the 
employment  of  large  doses  of  nitrate  of  strontium  (15  to 
20  grammes  j^ro  die)  in  the  treatment  of  articular  rheu- 
matism. Lastly,  Laborde  having  in  1891  proved  that 
the  salts  of  strontium  are  harmless,  G.  See,  Dujardin- 
Beaumetz,  C.  Paul,  Fere,  &c.,  introduced  these  remedies 
into  the  domain  of  practical  therapeutics. 

It  is  essential  that  the  salts  of  strontium  employed  in 
medicine  (the  bromide,  lactate,  tartrate,  &c.)  should  be 
pure.  By  this  is  meant  that,  considering  the  difficulty 
which  is  experienced  in  separating  the  salts  of  baryta 
from  those  of  strontia,  it  is  necessary  that  the  salts  of 
strontium  should  contain  less  than  xoW^^  P^i'^  o^  barium 
salts  as  an  impurity.  This  result  can  be  achieved  by 
treating  1  grm.  of  the  given  salt  dissolved  in  10  c.c.  of 

N  2 
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distilled  water  with  1  c.c.  of  the  10  per  cent,  solution  of 
bichromate  of  potash.  If  a  perceptible  cloud  results  it 
is  proof  that  the  salt  of  strontium  contains  more  than 
Tobo  P^i'^  ^^  ^^^^^  ^^  barium,  and  it  should  therefore  be 
rejected  as  impure. 

The  bromide,  iodide,  lactate  and  tartrate  of  strontium 
are  very  soluble  in  water  ;  these  salts  are  alone  employed 
therapeutically,  the  phosphate  of  strontium  being  almost 
insoluble. 

The  experiments  of  Laborde  have  shown  that  the  salts 
of  strontium  are  almost  completely  innocuous  and  that 
their  toxicity  is  invariably  markedly  inferior  to  that  of 
the  salts  of  potash.  Animals  have  been  found  to  endure 
treatment  with  strontium  salts  for  months  without  mani- 
festing any  disturbance.  It  is  the  same  as  regards  man, 
in  whom,  further,  an  increase  of  appetite  appears  to 
result.  Lastly,  the  diuretic  action  of  the  remedy, 
although  variable  in  its  intensity,  is  always  well  marked. 

The  different  salts  of  strontium  have  different  applica- 
tions. The  bromide  has  been  praised  by  Fere  as  a 
substitute  for  bromide  of  potash  ;  it  is  given  in  the  large 
quantity  of  15  grm.  j;er  diem,  without  signs  of  intoler- 
ance or  any  appearance  of  the  symptoms  of  bromism. 
The  action  on  the  stomach  is  less  marked.  In  Basedow's 
disease  this  salt  as  well  as  the  iodide  has  seemed  to  give 
good  results  in  the  dose  of  1  grm.  of  the  bromide  or  of 
2  grm.  '50  of  the  iodide. 

Nitrate  of  strontium  has  well-marked  diuretic  pro- 
perties, being  as  active  in  this  respect  as  the  alkaline 
nitrates  ;  it  is  useful  in  articular  rheumatism,  and  par- 
ticularly in  gouty  rheumatism,  in  quantities  of  10  to 
15  grm.  pro  die. 

Lastly,  the  lactate  of  strontium  possesses  the  property. 
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unexplained,  but  nevertheless  demonstrated  by  Dujardin- 
Beaumetz  and  C.  Paul,  of  diminishing  the  quantity  of 
albumen  in  Bright' s  disease.  Under  the  influence  of  this 
remedy,  when  taken  in  quantities  of  6,  8  or  10  grm.  jper 
diem,  "  albuminuria  rapidly  diminishes  to  a  point  below 
which  reduction  cannot  be  effected"  (Bardet),  and  at 
the  same  time  an  increased  diuresis  appears.  But  in 
interstitial  nephritis  the  action  of  the  lactate  of  stron- 
tium is  less  definite.  It  must  be  mentioned  that  the 
administration  of  lactate  of  strontium  occasionally  seems 
to  cause  violent  pain  in  the  nape  of  the  neck. 

Bromide  of  strontium  is  given  in  the  form  of  syrup : 

Pure  bromide  of  strontium...         ...       30  grm. 

Syrup  of  oranges      ...         150     ,, 

Syrup  of  bitter  orange  peel  ...     150     ,, 

A  teaspoonful  contains  1  grm.  of  bromide. 

Iodide,  lactate  and  nitrate  of  strontium  are  given  in 
solution  ;  solution  of  the  iodide  : 

Pure  iodide  of  strontium     ...         ...       20  grm. 

Distilled  water  300     „ 

1  grm.  of  iodide  in  1  tablespoonful. 
Solution  of  nitrate  of  strontium  : 

Pure  nitrate  of  strontium    ...  ...       40  grm. 

Distilled  water  275     ,, 

2  grm.  of  the  nitrate  in  1  tablespoonful. 

Solution  of  lactate  of  strontium : 

Pure  lactate  of  strontium    ...     50  grm. 
Distilled  water  250     „    (C.Paul). 

3  grm.  of  lactate  in  a  tablespoonful,  2  or  3  spoonfuls 
jjro  die. 
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VI. 

VASO-MOTOE  ALTEEANTS. 
1.  Hypertension. 

Vascular  tension  is  dominated  by  three  factors  :  the 
total  mass  of  blood,  the  cardiac  impulse,  and  the  peri- 
pheral resistance.  This  resistance  is  in  large  measure 
regulated  by  the  contractile  elements  of  the  arterial 
wall — contractile  elements  which  are  particularly  closely 
connected  with  the  great  sympathetic,  whose  nerve 
filaments,  some  being  vaso-dilator  and  others  vaso-con- 
strictor,  maintain  vascular  tone,  that  is  to  say,  the  con- 
dition of  varying  contraction  of  the  vessels.  This  tone 
may  also  be  acted  upon  by  the  bulbar  and  medullary 
centres.  This  contractile  property  regulates  the  calibre 
of  the  arteries,  and  the  dilatation  or  contraction  of  the 
artery  under  the  influence  referred  to  produces  hyper- 
or  hypo-  nutrition  of  the  organs  which  these  arteries 
supply ;  on  the  other  hand,  diminution  or  increase  of 
tension  causes  increase  or  diminution  of  the  capacity  of 
the  circulatory  field.  Eepeated  exercise  of  function  and 
a  pathological  or  purely  senile  deposit  may  modify 
vascular  tone  or  may  almost  abolish  it,  while  causing 
hypertension,  which  may  be  more  or  less  permanent,  in 
consequence  of  sclerotic  or  atheromatous  thickening 
of  the  vessels  and  of  their  consecutive  tendency  to 
obliteration. 
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Pressure  steadily  diminishes  from  the  aorta  to  the 
arterioles,  but  the  tension  in  the  latter  is  by  no  means 
nil.  Normal  pressure  in  man  is  equivalent  to  110  to 
120  m.m.  of  mercury.  But  it  must  be  remembered  that 
the  mean  pressure  includes  two  factors :  the  one  invari- 
able, the  pressure  which  exists  before  the  passage  of  the 
blood  wave  (arterial  systole)  ;  the  other  which  is  the 
pressure  at  the  moment  o£  transmission  of  this  wave 
or  2}ulse  (arterial  diastole),  depends  not  merely  on  the 
ventricular  systole,  but  also  upon  the  elasticity  of  the 
arterial  walls.  The  arteries  are  capable  of  tolerating 
pressures  greatly  superior  to  those  which  are  normal ;  thus 
Grehant  and  Quinquaud  have  proved  that  the  human 
carotid  artery  can,  in  health,  resist  the  pressure  of  eight 
atmospheres. 

In  the  capillaries  the  pressure  is  weaker  than  in  the 
arterioles.  Ludwig  and  von  Kries  estimate  this  pressure 
at  20  to  40  m.m.  of  mercury.  Owing  to  the  elasticity  of 
the  arterial  tree  there  is  no  capillary  pulse,  exce]Dt  when 
some  obstacle  to  the  venous  circulation,  with  resulting 
increase  of  pressure,  exists. 

But  a  capillary  pulse  is  found  normally  in  the  foetus, 
because  the  arteries  have  not  yet  acquired  their  elasticity, 
and  also  in  the  old,  the  arteries  having  lost  this  important 
quality  owing  to  atheroma  or  sclerosis.  Finally,  in  the 
veins  the  normal  pressure  is  still  lower,  5  to  10  m.m.  of 
mercury,  although  these  vessels  are  particularly  contrac- 
tile and  resistant  on  account  of  the  presence  of  muscle 
elements  in  their  walls  ;  but  it  must  not  be  forgotten  that 
the  area  of  the  venous  is  double  that  of  the  arterial  cone, 
and  that  the  pressure  in  the  veins  does  not  vary  with  the 
different  stages  of  the  cardiac  cycle,  the  course  of  the  blood 
having  been  rendered  uniform  by  the  elasticity  of  the 


184   NEW  METHODS  OP  TREATMENT. 

arteries.  FurtJier,  there  is  no  venous  pulse  except  when 
the  capillary  system  is  much  dilated,  for  the  venous  jndse  of 
Potain  is  the  result  of  the  reaction  of  the  auricular  systole 
on  the  pressure  in  the  veins  which  approximate  the 
heart  (jugular)  ;  it  does  not  cause  a  reflux  of  blood,  but 
it  produces  a  momentary  retardation  in  its  arrival. 

To  sum  up,  it  may  be  said  with  Claude  Bernard  that 
the  circulation  of  the  blood  is  presided  over  by  a  double 
apparatus  :  the  one,  peripheral,  regulates  the  resistance  ; 
the  other,  central,  or  the  heart,  initiates  and  regulates 
the  blood  movement.  With  Huchard  it  may  be  said 
that  there  are  three  kinds  of  hypertension,  according  to 
the  cause  and  the  localisation  of  the  resistance  :  arterial, 
pulmonary,  and  portal.  In  this  place  arterial  hyperten- 
sion will  alone  be  considered,  this  form  of  excessive 
pressure  being  w^ell  recognised  and  controllable  by 
certain  new  medicaments. 

Arterial  pressure  is  modified  but  slightly  by  the  volume 
of  the  wdiole  mass  of  blood,  by  wdiat  was  known  as 
plethora,  as  is  proved  b}^  the  fact  that  arterial  tension 
is  affected  only  in  a  slight  and  temporary  manner  by 
bleeding.  Frederic  has  show^n  that  after  venesection 
pressure  is  quickly  recovered,  unless  the  bleeding  be  to 
the  extent  of  2  or  3  litres ;  this,  it  need  scarcely  be  said, 
would  be  dangerous.  The  contraction  of  the  heart  acts 
probably  more  efficaciously,  but  to  a  much  slighter 
degree,  than  the  vascular  tone,  in  maintaining  pressure, 
for  whenever  the  vaso-constrictive  nerves  and  the  vaso- 
motor centres  are  irritated,  the  peripheral  resistance 
increases,  the  arterial  tension  rises,  and  this  increase  of 
pressure  causes  corresponding  reactions,  as  Huchard  has 
w-ell  shown.  "Other  things  being  equal,"  he  says,  "and 
the  quantity  of  blood  and  the  force  of  the  heart  remaining 
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normal  or  constant,  vascular  pressure  can  be  raised 
by  a  mere  increase  of  the  peripheral  resistance  ;  further, 
the  peripheral  resistances  act  upon  the  motor  centre, 
whose  systolic  force  is  thus  increased,  and  also  upon  the 
volume  of  blood,  whose  quantity  tends  to  increase  in  the 
locality  situated  above  the  obstacle.  Thus  this  single 
factor — an  increase  of  the  peripheral  resistance — brings 
into  action  the  two  others,  and  it  is  thus  that  the  state  of 
the  arterial  circulation  is  chiefly  responsible  for  vascular 
hypertension."^ 

Consequently,  along  with  valvular  heart  disease  and 
myocarditis,  both  of  which  lead  to  hypotension  and 
asystole,  and  which  therefore  require  cardio-tonic,  vas- 
cular-tonic, hypertensive  treatment,  it  must  be  allowed 
that  there  occur  also  arterial  cardiac  diseases  tending  to 
ischaemia  of  organs,  to  hypertension,  and  to  intoxication 
by  early  insufficiency  of  the  kidney  and  liver,  and  which 
are,  on  the  contrary,  in  need  of  treatment  by  eliminative, 
antitoxic  and  hypotensive  measures. 

Arterial  hypertension,  the  gravity  of  which  is  so  much 
the  greater  in  proportion  as  the  histological  integrity  of 
the  vessels  is  the  less  complete,  is  dangerous  in  a  large 
number  of  maladies,  among  which  may  be  mentioned 
the  pre-sclerosis  of  Huchard,  coronary  angina  pectoris, 
uricsemia  and  gout,  hereditary  aortic  disease,  excess  in 
the  use  of  tobacco  and  alcohol,  interstitial  nephritis, 
local  syncope  of  the  extremities,  Stokes-Adams  disease 
or  permanent  slow  pulse,  aneuryspis,  excessive  consump- 
tion of  animal  food,  and,  lastly,  the  infections,  the  effect 
of  bacterial  toxins  being  usually  vaso-constrictive,  as  in 

1  Cf.  Huchard  :  "  Traite  des  maladies  du  coeur,"  3rd  ed.  (Paris, 
1899 — 1901).  Cf.  also  Hu  chard :  "  Les  trois  Hypertensions" 
(Soc.'de  therapeutiqne,  June  12tli,  1901). 
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scarlatina.  These  toxins  may  induce  tachycardia  and 
acute  dilatation  of  the  heart  (Federn,  of  Vienna). 

But  in  all  these  affections  or  diseases  which  result  in 
an  almost  permanent  condition  of  vaso-constriction,  of 
hypertension,  the  proper  treatment  consists,  as  Huchard 
well  points  out,  not  in  modifying  the  action  of  the 
central  heart,  itself  more  or  less  seriously  affected  as 
regards  its  contractile  force,  but  rather  in  influencing 
the  condition  of  the  peripheral  heart,  in  other  words,  of 
the  arterial  system,  the  morbid  contraction  of  which 
should  be  combated  in  order  to  relieve  and  assist  the 
cardiac  action. 

There  are  several  ways  of  modifying  hypertension, 
some  of  which  exert  a  rapid  action  upon  acute  hyperten- 
sion, which  they  rapidly  relieve,  while  others,  whose  in- 
fluence is  slower,  gradually  relieve  the  condition  of  high 
pressure,  reducing  it  to  the  normal.  Amongst  the  first 
class  may  be  mentioned  trinitrin  and  erythrol  tetranitrate 
{tctranitrol) ,  then  the  organic  extracts  of  liver,  thymus, 
pancreas,  testicle  and  ovary,  all  of  which,  as  shown  by 
Li  von,  of  Marseilles,^  are  capable  of  lowering  the  tension 
(the  extracts  of  the  supra-renal  capsule,  kidney,  spleen, 
pituitary  body,  thyroid,  and  parotid  gland  are,  on  the 
other  hand,  productive  of  increased  tension).  Amongst 
the  second  of  these  methods  massage  may  be  mentioned, 
for  the  muscular  contraction  causes  five  to  nine  times 
as  much  blood  to  pass  into  the  muscles  as  in  the  state 
of  repose  circulates  in  these  structures,  so  that  massage 
helps  the  peripheral  circulation  and  relieves  the  heart, 
exerting  also  an  eliminative  and  antitoxic  action  of  some 
importance,  since,  according  to  Zabludowski,  the  wearied 

1  Livon :  ' '  Action  des  secretions  internes  sm-  le  tension  sanguine  " 
(Congi-dS  de  Med.  de  Montpellier,  1898). 
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muscle  eliminates  its  waste  products  far  more  rapidly 
and  completely  when  it  is  massaged  than  when  it  is  left 
in  repose.  A  milk  and  vegetable  diet  may  also  be 
included  amongst  the  methods  in  question,  as  it  is  at 
the  same  time  eliminative,  hypotensive,  and  antitoxic,  the 
latter  in  consequence  of  the  small  amount  of  vaso-con- 
strictive  toxic  matters  it  produces  in  the  animal  economy. 
Inasmuch  as  trinitrin  is  already  well  known,  and  the 
subject  of  massage  is  not  included  in  the  purview  of  this 
work,  tetranitrol  will  alone  be  referred  to.  As  regards 
the  lacto-vegetarian  treatment,  reference  may  be  made 
to  my  work  on  "  Hygiene  of  Alimentation."^ 

2.  Erythkol  Tetranitrate. 

Erythrol  tetranitrate,  or  tetranitrol,  is  a  member  of 
a  series  of  bodies  which  have  been  known,  for  some 
years  to  possess  vaso-dilatory  powers  which  are  more  or 
less  energetic  and  temporary.  Leech  in  1893  spoke 
favourably  of  the  nitrites  and  of  nitro-glycerine  (trinitrin) 
and  Matthew  Hay  of  the  nitrate  of  ethyl  and  of  nitro- 
cellulose. Still  more  recently  Lauder-Brunton  made 
use  of  the  hydrochloride  of  hydroxylamine,  but  this  had 
to  be  given  up  on  account  of  the  unpleasant  effect  w4iich 
it  produced  on  the  stomach.  Bradbury  and  Broadbent 
studied  the  nitrates  of  alcohol  of  multiple  equivalence, 
and  finally  Leech,  Marshall,  and  especially  Huchard, 
definitely  determined  the  properties  and  the  mode  of 
employment  of  erythrol  tetranitrate.^ 

Tetranitrol  belongs  to  the  group  of  nitric  ethers.    These 

^  V.    2ncl  ed.    Paris,  Alcan,   Yoy. ;    also   J.   Lanmonier:    "  Le 
regime  vegetarien"  {BnU.  de  tJit^rajx^utique,  No.  15,  Jul}^  1902). 
"  Tetranitrate  d'ery throl "  (Ac.  de  Med.,  March,  1901). 
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are  formed  by  the  action  of  concentrated  sulphuric  acid 
and  nitric  acid  upon  an  alcohol.  The  chemical  prepara- 
tion is  therefore  simple,  but  it  requires  the  greatest 
precaution,  as  the  substances  produced  are  powerfully 
explosive.  They  decompose  with  a  slight  elevation  of 
temperature,  and  give  off  nitrous  vapours  ;  when  struck, 
they  explode  with  great  violence.  Tetranitrol  is  solid  at 
ordinary  temperatures,  but  it  melts  towards  60°  C. ;  it 
is  insoluble  in  water,  and  but  little  soluble  in  alcohol 
and  ether,  which  considerably  limits  its  therapeutic 
employment.  It  possesses  vaso-dilator}^  and  consequently 
hypotensive  properties,  which  are  more  pronounced  as 
regards  duration  than  intensity ;  it  is  thus  clearly  dis- 
tinguished from  trinitrin,  for  example,  whose  action  is 
immediate  and  intense,  but  fleeting. 

As  a  matter  of  fact,  if,  by  the  aid  of  the  sphygmograph, 
the  action  of  the  remedy  be  studied,  it  will  be  seen  that 
the  effect  does  not  commence  until  after  the  lapse  of 
20,  30,  or  even  50  minutes ;  the  arterial  tension  then 
falls  slowly  and  continuously  for  about  an  hour  and 
a  half,  and  perceptibly  tends  to  approach  the  physio- 
logical normal.  It  may  remain  stationary  for  nearly 
an  hour,  and  even  for  a  longer  period,  and  may  then 
rise,  but  so  slowly  that  not  seldom  even  six  hours  and 
a  half  after  the  administration  of  tetranitrol  the  pressure 
has  not  obtained  its  previous  force.  It  may  be  stated  in 
general  terms  that  the  fall  of  pressure  continues  from 
three  to  four  hours.  Indeed,  as  Huchard  points  out,  by 
giving  a  centigramme  of  the  remedy  every  three  or  four 
hours  (six  times  a  day)  the  arterial  pressure  may  be 
kept  almost  permanently  lowered,  especiall}^  if,  before 
tetranitrol  is  given,  3  to  4  drops  of  a  1  per  cent,  alcoholic 
solution  of  trinitrin  be  administered,  the  action  of  Nvhich 
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is  far  more  rapid  than  is  that  of  tetranitrol.  Further, 
at  the  same  time  as  the  pressure  falls,  the  frequency  of 
the  pulse  increases,  and  may  attain  90, 100,  and  even  110 
beats  a  minute.  It  should  be  observed  that  the  action  of 
tetranitrol  is  purely  on  the  vascular  system,  and  not  on 
the  heart ;  the  effect  produced  on  the  latter  is  merely 
secondary  and  consecutive  to  the  vaso-dilatation. 

The  employment  of  this  new  remedy  is  indicated 
whenever  the  arterial  tension  is  raised  in  the  maladies 
referred  to  above,  and  more  especially  in  angina  pectoris, 
aneurysm  and  the  dyspnoea  of  nephritis,  when  it  gives 
constant  and  very  satisfactory  results,  amounting  to  an 
almost  immediate  and  lasting  relief.  Migraine  and 
certain  neuroses  are  also  sometimes  benefited  by  this 
form  of  treatment.  Further,  the  drug  does  not  appear  to 
cause  gastric  disturbance  ;  its  only  drawback  is  a  tendency 
to  produce  a  kind  of  throbbing  headache  and  a  feeling  of 
heaviness  in  the  head,  but  these  sensations  do  not  often 
occur,  and  when  they  do  are  transitory. 

Huchard  gave  in  the  first  instance  5  to  6  milligrm.  of 
tetranitrol  jjer  diem  ;  he  now  finds  that  from  1  to  3 
centigrammes  may  be  given  with  better  effect  in  one 
dose,  and  up  to  6  to  8  centigrammes  may  be  adminis- 
tered per  diem.  The  drug  may  be  given  in  compressed 
tablets,  or  in  pills,  both  preparations  being,  of  course, 
accurately  proportioned  as  regards  the  quantity  of  the 
drug — 1  centigramme  in  each.  This  mode  of  adminis- 
tration, which  is  certainly  not  the  most  desirable,  is 
rendered  necessary  on  account  of  the  insolubility  of 
tetranitrol,  for  Brissemoret  has  not  succeeded  in 
obtaining  a  concentrated  standardised  solution  of  the 
medicament,  which  would  be  more  manageable. 
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VII. 

OPOTHERAPY. 

Opotherapy  (Landouzy,  1895),  or  ovf/anotherapij,  is 
a  new  therapeutic  departure  in  which  a  variety  of  juices 
(otto?) ,  glandular  extracts,  parenchymatous  animal  tissues, 
are  made  use  of,  and  are  emplo^^ed  with  the  object 
of  annulling  the  morbid  phenomena  arising  from  the 
absence,  the  alteration  or  the  insufficiency  of  the  corre- 
sponding organs  or  tissues  in  man,  or  of  supplying  a 
deficiency  as  concerns  physiologically  co-operating  organs 
(thymus  and  thyroid  glands,  for  example). 

1.  Peinciples  of  Opotherapy. 

This  mode  of  treatment  is  very  ancient,  for  from  time 
immemorial  savage  and  barbarous  peoples  have  been  in 
the  habit  of  eating  certain  so-called  noble  organs  (heart, 
brain,  &c.),  these  organs  being  those  of  animals  killed 
in  the  chase  or  of  conquered  enemies.  By  thus  con- 
suming these  organs  it  was  considered  that  the  pre- 
dominant qualities  of  which  they  were  the  seat  would  be 
transferred  to  the  consumer.  The  present  custom  of 
administering  blood  and  ox  bile  in  chlorosis  and  biliary 
lithiasis  respectively,  of  sheep's  kidney  in  cases  of  renal 
disease  and  of  the  lungs  of  the  calf  in  pulmonary 
affections,  may  be  regarded  as  a  survival  of  these  primi- 
tive notions  as  to  a  therapeutic  correspondence  between 
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animal  and  human  organs.  These  ideas  thus  obscurely 
handed  down  were  of  course  based  entirely  on  empirical 
considerations,  until  in  1889  Brown- Sequard,  making 
use  of  the  views  of  CI.  Bernard  and  Schiff  as  to 
internal  secretion,  established  the  method  on  a  strictly 
scientific  basis,  and  this  in  spite  of  many  hindrances 
and  much  ridicule. 

According  to  Brown- Sequard,  not  only  do  the  closed 
glands,  but  those  also  which  are  furnished  with  an 
excretory  duct,  and  in  the  latter  case  apart  from  their 
external  secretions,  elaborate  and  give  up  to  the  blood 
substances  which  take  an  important  part  in  the  general 
nutrition,  inasmuch  as  the  alteration,  the  inadequacy,  or 
the  absence  of  these  substances  cause  intoxications  and 
organic  disturbances.  If,  then,  certain  of  these  glands 
should  be  injured  or  destroyed,  the  resulting  deficiency 
or  loss  of  internal  secretion  may  be  supplemented  or 
supplied  by  introducing  into  the  organism  thus  affected 
either  the  glands  themselves  or  their  active  principles  in 
the  form  of  extracts.  And  the  results  of  experimental 
and  clinical  observations  tend  to  confirm  this  manner  of 
regarding  the  matter. 

But  the  question  has  been  carried  a  step  further,  and 
now  it  is  maintained  that,  not  merely  the  glands,  closed 
or  not,  but  also  the  whole  of  the  organs  and  tissues, 
elaborate  and  pour  into  the  general  circulation  products 
which  are  not  wholly  waste,  inasmuch  as  they  take  a 
more  or  less  important  part  in  maintaining  the  life  of 
the  individual.  But  if  this  is  so,  by  what  mechanism  do 
these  internal  secretions  act  ?  and,  further,  by  what 
mechanism  the  opotherapeutic  agents  which  are  intended 
to  replace  them  ?  These  questions  are  still  moot  ones, 
and  all  the  more  so,  in  the  case  of  matters  introduced, 
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because  it  is  necessary  to  make  allowance  for  the 
differences  resulting  from  remoteness  of  species  and  for 
the  condition  in  which  the  substituted  matters  are  intro- 
duced. Nevertheless  many  theories  based  on  the  results 
of  physiological  experiment  and  clinical  and  therapeutical 
observation,  and  on  the  chemical  analysis  of  organs  and 
of  their  active  principles,  have  been  proposed,  and  these 
theories  may  be  grouped,  according  to  Hillemand,^  in 
three  classes  : — 

1.  These  opotherapeutic  substances  may  act  as  modify- 
ing agents  of  the  nutrition,  either  directly  or  through  the 
nervous  system. 

2.  Opotherapeutic  materials  may  have  an  antitoxic 
influence,  acting  as  a  means  of  defence  against  noxious 
matters  which  are  the  result  of  organic  exchanges.  It 
may  be  that  they  convert  these  toxins,  in  proportion  to 
their  production,  into  harmless,  inoffensive  substances. 

3.  Lastly,  these  substances  may  be  active,  some  in 
modifying  nutrition,  others  as  antitoxic  agents,  and  it 
may  be  that  the  same  substance  acts  in  both  ways. 
Or,  perchance,  certain  of  these  matters  unite,  with  a 
protective  power  against  auto-intoxication,  the  faculty 
of  aiding  in  opposing  a  resistance  to  infection,  and  in 
furnishing  immunity. 

It  must  be  observed,  also,  that  the  idea  of  functional 
substitution  has  occurred  to  some  in  the  case  of  organs 
possessing  a  certain  or  possible  co-operative  action  ;  thus, 
a  give-and-take  action  has  been  held  to  occur  between 
the  thyroid  and  thymus  on  the  one  hand  and  the  pituitary 
body  on  the  other,  &c. 

If  none  of  these  theories  exactly  explains  the  disorders 

1  "  Organotherapie  ou  opotherapie  "  (Paris, 
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which  follow  pathological  changes  in  an  organ,  which 
disorders  vary  according  to  the  function  of  the  gland 
in  question,  and  the  variable  therapeutic  effect  of  the 
different  opotherapeutic  agents,  this  is  due  to  the  fact 
that  the  part  played  by  internal  secretion  in  the  general 
co-ordination  of  the  bodily  functions  has  up  to  the 
present  time  been  inadequately  determined. 

As  a  matter  of  fact,  the  medium  in  which  all  our 
anatomical  elements  are  immersed  is  a  limited  medium, 
in  spite  of  the  fact  of  its  more  or  less  rapid  and  complete 
renewal  by  the  ingestion  of  food  and  elimination  of 
waste  products.  But,  in  consequence  of  this  limitation 
of  the  medium,  the  alterations  which  ensue  in  the 
manner  in  which  the  functions  of  certain  elementary  cells 
are  performed — whatever  may  be  the  causes  of  these 
alterations — react  on  all  the  other  anatomical  elements 
by  modifying  in  a  perfectly  definite  manner  the  consti- 
tution of  the  medium  which,  in  consequence  of  the  strict 
adaptation  of  the  multitude  of  highly  differentiated  cells 
which  flourish  in  it,  is  capable  of  variations  only  within 
very  narrow  limits.  It  thus  follows  that  the  consequent 
modifications  are  necessarily  correlative.  The  result  is 
the  production,  in  the  normal  condition,  of  what  was 
formerly  known  as  the  organic  equilihrium,  that  is  to  say, 
a  condition  of  balance  between  the  functions  of  different 
organs  according  to  their  importance  to  the  individual. 
Hence,  if  an  organ  is  very  active,  this  activity  is  main- 
tained at  the  cost  of  other  organs,  whose  repose,  induced 
by  the  limitation  of  the  medium  and  the  accumulation  of 
waste  products,  causes  atrophy,  and  vice  versa.  Since, 
in  the  normal  condition,  the  different  organs  of  the 
human  body  perform  their  functions  and  persist,  they 
enter — the  cellular  elements  of  which  they  are  formed, 

M.T.  o 
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and  the  different  products  which  they  secrete  and  which 
diffuse  into  the  internal  medium — into  the  general  co- 
ordination, and  their  disappearance  or  the  alteration  of 
their  function  must  necessarily  break  up,  and  does 
break  up,  this  co-ordination.  Thus  arise  the  general 
disturbances  which  accompany  local  functional  disorders, 
and  which  may  be  the  manifestation  of  the  effort  made 
by  the  organism  to  regain  its  equilibrium.  Thus  also 
arises  the  necessity  of  supplying  the  animal  economy 
with  that  which  is  either  wanting,  or  is,  at  all  events, 
insufficient  to  re-establish  the  functional  balance  ;  and 
hence,  lastly,  the  therapeutic  effect,  which  is  often 
marked,  of  animal  extracts,  or,  in  other  words,  of 
opotherapy. 

Such  considerations  as  these  also  explain  the  fact  that, 
not  seldom,  the  effect  of  the  suppression  or  insufficiency 
of  such  and  such  an  organ  is  far  from  being  obvious 
clinically,  and  thus  many  physicians  deny  the  existence, 
or,  more  exactly,  the  therapeutic  action  of  internal 
secretions  of  certain  organs  and  tissues,  such  as  the  lungs, 
the  bone  marrow,  the  nervous  tissue,  the  muscles,  &c. 
If  it  is  maintained  with  Le  Dantec  and  Laumonier,^ 
that  the  internal  secretions  are  accessory  products  of  the 
synthesis  of  assimilation,  it  follows  of  necessity  that  every 
organ,  tissue  and  cell,  yields  an  internal  secretion,  as  is 
proved  further  by  the  toxicity  of  all  tissue  extracts,  and 
that  this  secretion  plays  an  important  part,  as  we  have 
seen,  and  in  consequence  indeed  of  its  ponogenic  and 
toxic  influence,  in  general  co-ordination  of  function. 
This  influence  is,  on  account  of  the  limited  power  of 
adaptation  possessed  by  the  elementary  cells,  the  real 

1  Of.  F.  Laumonier:  * '  Physiologie  generale"  ("Secretions"), 
pp.  418  e^  seq. 
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source  of  the  disturbances  which  arise  when  certain 
internal  secretions  are  diminished  or  vitiated,  troubles 
which  are  the  more  marked  in  proportion  to  the  pono- 
genic  power  of  the  secretion.  From  this  point  of  view 
the  nutritive,  antibacterial  or  antitoxic  defensive  reaction 
is  no  longer  a  paradoxical  occurrence,  inasmuch  as  the 
functional  equilibrium  and  vital  resistance  are  both  the 
results  of  co-ordination.  Every  disturbance  of  this  co- 
ordination, by  suppression  of  one  of  its  conditions,  may 
thus  induce  either  a  trophic  change  or  a  lessening  of 
defensive  power.  This  is  particularly  evident  as  concerns 
certain  glands,  the  testicle  and  ovary,  for  example,  whose 
internal  secretions  are  nevertheless  not  admitted  to 
exist,  although  their  suppression  causes  physiological 
and  morphological  alterations  w^hich  are  universally 
recognised.  Obviously  the  importance  of  disturbances 
which  are  consecutive  to  an  alteration  is  subordinated  to 
the  more  or  less  limited  specific  action  of  the  organ, 
or  to  the  abundance  of  tissue  affected.  And  although 
the  fact  of  the  existence  of  internal  secretion — and  con- 
sequently the  therapeutic  efficacy  of  the  restitution 
of  this  secretion  when  from  any  cause  it  is  no  longer 
produced  in  the  organism — is  admitted  as  regards  the 
thyroid  gland,  the  liver,  the  thymus,  the  pituitary  body, 
possibly  also  the  pancreas,  yet  it  is  denied  as  regards 
the  kidney,  the  prostate,  the  mammary  gland,  and 
especially  the  lungs,  the  bone  marrow,  the  muscular  and 
the  nervous  tissues,  &c.,  simply  because,  as  regards  the 
organs  specified,  experiments  and  observations  have  not 
yet  enabled  us  to  discover  the  part  played  by  their  in- 
ternal secretion  in  co-ordination,  and  the  mode  in  which 
their  therapeutic  influence  may  be  exerted.  And  it  is  a 
singular  fact  that,  at  the  very  time  in  which  the  value  of 

o2 
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the  internal  muscular  secretion  was  altogether  denied, 
Eichet  and  Hericourt  made  use  of  muscle  extracts  with 
most  satisfactory  results,  thus  establishing  the  fact  of  a 
metabolic  power  being  possessed  by  this  extract  {vide 
"  Zomotherapy,"  p.  215).  It  cannot,  therefore,  be  con- 
sidered rash  to  assume  that  it  may  be  the  same  with 
regard  to  internal  secretions  of  other  tissues  and  organs. 

2.  Administration  of  Opotherapeutic  Agents. 

Whether  the  whole  organ  be  administered,  or  merely 
its  extract,  the  animal  which  is  selected  to  furnish  the 
organ  in  question  must  be  most  carefully  examined  ;  it 
is  not  enough  that  it  is  free  from  any  infectious  disease, 
it  must  be  in  perfect  health.  According  to  the  nature  of 
the  organ  required,  young  animals  are  chosen  (thymus, 
thyroid,  suprarenal  capsules),  or  those  in  full  sexual 
activity  (testicle,  ovary),  or  those  which  are  muscular 
(muscles,  nerves,  nervous  tissues).  The  horse  ought 
not  to  be  included  in  the  list,  as  it  is  almost  invariably 
killed  when  in  bad  condition,  and  the  ox  is  not  desirable 
when  the  suprarenal  capsules  are  desired.  For  the  latter 
the  calf  is  preferable,  for  the  thyroid  the  sheep,  for  the 
liver  the  pig,  and  the  kidney  the  pig,  sheep,  &c. 

The  organ  to  be  administered  may  be  given  fresh  or 
desiccated,  or  in  the  form  of  an  extract,  whole  or  partial. 
There  are  several  modes  of  administering  opotherapeutic 
matters.  The  following  methods  have  been  made  use 
of:— 

1.  The  glands  or  tissues  taken  from  living  animals  or 
those  recently  killed  have  been  grafted  either  subcu- 
taneously  or  by  the  intraperitoneal  method,  and  this 
especially  in  those  cases  where  the  opotherapeutic  action 
cannot  be  conveyed  by  extracts,  or  when  the  action  is 
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modified  by  the  digestive  process.  Tiiis  method  is, 
however,  seldom  employed  on  accomit  of  its  difficulty 
and  other  drawbacks. 

2.  When  the  juice  is  altered  by  the  digestive  ferments 
(which  seldom  happens),  or  when  it  is  desirable  to  ensure 
the  maximum  efficacy  and  rapidity  of  action,  extracts 
may  be  injected  by  the  intravenous  or  by  the  intra- 
peritoneal matter,  or,  especially,  hypodermically.  The 
hypodermic  injection  of  the  extracts  has  been  recom- 
mended by  Browm-Sequard,  and  has  been  frequently 
employed. 

3.  Lastly,  the  fresh  or  preserved  organ  or  its  active 
principles  may  be  taken  either  by  the  mouth  or  by  the 
rectum ;  in  the  latter  form  of  administration,  which  is 
made  use  of  especially  when  there  is  intolerance  on  the 
part  of  the  stomach,  only  those  juices  which  are  rendered 
soluble  by  the  proteolytic  ferments  or  by  certain  mineral 
salts  should  be  employed  in  most  cases.  The  method 
of  ingestion  by  the  mouth,  formerly  neglected  but  now 
recommended  by  Howitz,  Fox  and  Mackenzie,  is  by  far 
the  best;  it  simplifies  the  treatment  by  animal  juices, 
and  in  this  w^ay  enables  this  therapeutic  method  to  be 
more  widely  employed. 

3.  Opotherapeutic  Substances. 

A.  Thyroid  Body  and  Parathyroid  Glandidce. 

Experimental  thyroidectomy  is  followed  by  the  same 
train  of  consequences  as  are  observed  consecutively  to 
the  surgical  removal  of  the  thyroid  gland,  or  to  the  func- 
tional inadequacy  and  degeneration  of  the  same  organ, 
which  may  be  either  congenital  or  acquired.  In  cases 
in  which  the  gland  is  degenerate,  the  consequences  may 
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be  less  marked  and  slower  in  declaring  themselves  than 
when  it  is  artificially  removed.  These  consequences  are 
of  two  kinds  :  some  are  of  toxic  origin,  and  consist  chiefly 
in  cerebral  disturbances,  which  may  be  of  a  paralytic 
or  more  often  of  a  convulsive  nature,  the  latter  closely 
resembling  tetany  ;  others  are  connected  with  disorders 
of  nutrition,  consisting  in  slowness  of  metabolism,  diminu- 
tion of  the  urinary  exchanges,  of  the  chimisme  respira- 
toire,  in  intellectual  feebleness,  lowering  of  temperature, 
and,  in  young  people,  in  arrest  of  growth  and  of  the 
process  of  ossification. 

Gley  has  pointed  out  that  the  thyroid  gland  must  be 
distinguished  from  the  parathyroid  glandulEe.  And  this 
distinction  seems  to  be  the  more  satisfactorily  established, 
inasmuch  as  the  experiments  of  Moussu  and  Charrin  tend 
to  prove  that  the  internal  secretion  of  the  thyroid  gland 
differs  from  that  of  the  glandulse — to  the  first  would 
appear  to  belong  all  those  trophic  disturbances  which  are 
brought  about  by  a  removal  of  the  gland,  to  the  second  the 
acute  convulsive  phenomena  already  referred  to.  These 
things  being  so,  it  follows  that  the  secretion  of  the  thyroid 
gland  has  to  do  with  the  nutritive  exchanges,  while  that 
of  the  glandulse  is  antitoxic  in  function. 

As  a  matter  of  fact,  two  active  principles  have  been 
isolated  from  the  thyroid  apparatus :  iodothyrine  of 
Baumann,  which  exerts  an  influence  in  the  disturbed 
metabolism  and  the  toxaemia  which  occurs  in  cases  of 
hypothyroidism  ;  and  thyreo-antitoxin  of  Fraenkel,  which 
acts  on  the  convulsive  disturbances  just  mentioned. 
Clinically  both  of  these  substances  act  as  complete 
thyroid  extracts. 

But  these  facts  do  not  furnish  us  with  any  precise 
information  as  to  the  mechanism  of  the  action  of  thyroid 
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secretion.  It  has  been  thought  that  the  antitoxic  secre- 
tion may  have  the  power  of  neutralising  or  destroying 
the  toxic  matters  which  are  the  result  of  the  assimilation 
of  albuminoids — those  matters  which  should  possess  the 
property  of  stimulating  the  action  of  the  nervous  system, 
and  particularly  of  the  motor  nerves;  and  that  the 
metabolic  secretion,  on  the  other  hand,  has  a  stimulating 
effect  on  the  trophic  centres.  It  must  be  admitted  that 
these  explanations  are  far  from  satisfactory,  and  that 
they  do  little  more. than  point  out  the  importance  of 
correlation  and  the  disturbances  of  equilibrium  which 
follows  its  overthrow. 

In  whatever  way  the  effect  may  be  produced,  the 
administration  of  thyroid  gland  certainly  causes  the 
gradual  disappearance  of  the  symptoms  which  are  due 
to  athyroidism  and  hypothyroidism.  The  nutritive  and 
gaseous  exchanges  recover  their  normal  activity,  the 
percentage  of  oxyhsemoglobin  increases,  the  power  of 
bearing  fatigue  becomes  greater,  and,  in  children  and 
adolescents,  the  processes  of  ossification  are  more  ener- 
getically accomplished.  As  would  be  anticipated,  the 
acute  disturbances,  convulsive  or  paralytic,  are  the  first 
to  disappear.  In  order  that  these  desirable  results  may 
ensue,  it  is  necessary  to  avoid  too  prolonged  or  too 
energetic  treatment,  for  if  this  precaution  is  not  taken 
disturbances  will  arise,  which  are  due  to  an  excess  of 
thyroid  secretion  entering  the  system  and  which  are  by 
no  means  unlike  the  symptoms  of  Basedow's  disease. 
In  other  words,  nervous  excitability  arises,  accompanied 
with  phenomena  which  are  generally  associated  with 
vaso- dilatation ;  marked  loss  of  flesh  and  increased  size 
of  the  neck  may  be  observed,  and  trembling  as  well  as 
exophthalmos  may   make  their  appearance,     Further, 
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gastro-intestinal  troubles  may  arise,  and  also  albumi- 
nuria. It  is  obvious,  therefore,  that  thyroid  opotherapy 
must  always  be  undertaken  with  the  greatest  prudence. 

Indications  for  this  treatment  are :  first,  the  different 
forms  of  athyroidism,  infantile  and  adult  myxoedema, 
cachexia- strumipriva,  endemic  cretinism ;  these  are  the 
affections  in  which  thyroid  treatment  has  proved  most 
effectual,  rapid  and  durable  ;  goitre  and  chronic  affec- 
tions in  which  the  secretion  of  thyroid  juice  is  defective, 
with  the  exception  of  cystic  goitre,  vascular  or  cancerous. 
In  the  second  place,  cases  of  infantism  and  of  arrested 
growth,  obesity,  diabetes — sometimes  benefited,  some^ 
times,  but  more  rarely,  made  worse — rickets,  osteomalacia, 
hsemophilia,  some  cases  of  metrorrhagia,  psoriasis, 
eczema.  Finally,  epilepsy,  tetany,  eclampsia  of  infants, 
sclerodermia,  and  even  exoj^hthalmic  goitre  (J.  Voisin, 
Mossi,  Mairet,  Burns,  &c.).  Contraindications  are  hyper- 
thyroidsm,  fatty  degeneration  of  the  heart,  disease  of 
the  liver  and  kidneys. 

Fresh  thyroid  gland  may  be  made  use  of,  that  of  the 
sheep  being  preferred,  or  the  substance  may  be  given  in  the 
form  of  extract  (opothyroidine) .  Grafting  of  the  gland  is 
now  practically  abandoned,  as  is  also  the  method  of 
hypodermic  injection  of  the  extract.  The  fresh  gland 
is  given  in  quantities  of  0  grm.  '50  to  1  grm.  at  the 
beginning  of  treatment  in  the  adult ;  as  much  as  3  or 
4  grm.  per  diem  may  be  administered,  according  to  the 
effect.  Afterwards,  at  longer  or  shorter  intervals,  quanti- 
ties are  given  sufficient  to  maintain  the  improvement 
(2  grm.  every  three  days  in  cases  of  myxoedema  and 
4  grm.  twice  a  week  in  obesity).  It  is,  of  course,  neces- 
sary to  immediately  suspend  the  treatment  if  sj^mptoms 
of  intolerance  arise.     The  complete  extract  is  given  in 
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single  doses  of  from  0  grm.  '05  to  0  grm.  "10 ;  or  from 
0  grm.  '15  to  0  grm.  "60  i:)er  diem.  Children  are  very 
sensitive  to  the  treatment,  and  therefore  in  them,  as  also 
in  cardiac,  renal,  and  hepatic  cases,  careful  watching 
is  necessary.  Bedart  and  Mabille  have  suggested  that 
Fowler's  solution  be  associated  with  thyroid  treatment, 
in  order  to  avoid  any  of  the  unpleasant  consequences 
which  may  accompany  this  form  of  medication. 

B.  Thymiis, 

The  thymus  is  a  vascular  sanguineous  gland  which  is 
first  observed  during  foetal  life,  and  which  only  begins  to 
atrophy  from  the  second  or  third  year ;  it  may,  how- 
ever, persist  for  long  periods,  but  when  this  happens, 
there  is  frequently  atrophy  or  insufficiency  of  the  thyroid 
gland.  Hence  it  has  been  thought  that  the  function  of 
the  thymus  is  ancillary  to  that  of  the  thyroid.  The 
gland  extract  contains  iodised  combinations  analogous 
to  those  of  thyroidine.  Although  hardly  anything  is 
known  as  to  the  pathology  and  physiology  of  the  gland, 
yet  it  is  thought  to  play  an  active  part  in  nutrition,  and 
on  this  account  its  use  has  been  suggested  in  imperfect 
development  of  the  new-born  infant,  in  wasting,  in 
hereditary  syphilis,  in  chlorosis,  ansemia,  leucocythemia, 
and,  above  all,  in  goitre,  in  which  disease  Mikulicz  finds 
that  it  gives  good  results.  It  has  also  been  employed 
in  exophthalmic  goitre,  but  with  no  definite  effect. 

The  thymus  of  the  calf  or  of  the  lamb  is  given  by  the 
mouth  in  quantities  of  10  to  15  grm.  _2jro  die.  The 
extract  (opothymine)  is  also  administered  in  tablets  in 
quantities  of  0  grm.  '2  to  0  grm,  '5  for  one  dose,  or  from 
0  grm.  '6  to  3  grm.  per  diem. 


202    NEW  METHODS  OF  TEEATMENT. 

C.  Pituitary  Body. 

The  pituitary  body,  or  hypophysis  cerebri,  would 
seem  to  be  supplementary  in  function  to  the  thyroid  gland, 
inasmuch  as  Combe  has  shown  that,  when  the  thyroid 
is  atrophied,  the  pituitary  body  is  frequently  enlarged. 
Further,  there  would  seem  to  be  an  analogy  between  the 
two  glands  as  concerns  their  antitoxic  action.  Lastly, 
Sarda  has  shown  that  there  are  tolerably  constant 
relations  between  pituitary  lesions  and  acromegaly.  It 
is  particularly  in  this  latter  malady  that  the  gland  has 
been  employed,  and  Lyon,  Mendel  and  Marinesco,  have 
shown  that  this  treatment  relieves  the  headache  and  the 
parsesthesia  of  the  hands,  which  are  characteristic  of  the 
disease. 

The  gland  is  given  by  the  mouth  either  fresh  or 
dry ;  sometimes  the  extract  obtained  by  Lyon  is  ad- 
ministered ;  it  is  found  to  exert  a  stimulating  action  on 
the  pneumo-gastric  nerves.  More  frequently  the  pure 
extract  is  employed  (opohypophysine)  in  the  single  dose 
of  0  grm.  '05. 

D.  Suprarenal  Capsule. 

The  suprarenal  capsules  supply  an  internal  secretion 
which  seems  to  have  the  power  of  exciting  muscular 
contractility,  especially  affecting  the  heart  muscle  and 
the  muscular  wall  of  the  vessels,  and  also  to  possess 
the  property  of  destroying  or  of  neutralising  certain 
poisons,  especially  muscular  poisons.  The  extract  of 
the  gland  acts  as  a  vaso-constrictor,  and  causes  a 
temporary  increase  of  the  blood  pressure  by  acting  at  the 
periphery  upon  the  smooth  fibres  and  the  nerve  endings. 
This  effect  appears  to  be  due  to  the  adrenalin,  the  active 
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principle  of  the  suprarenal  capsules,  which  will  be  con- 
sidered later. 

Suprarenal  opotherapy  was  first  made  use  of  in 
Addison's  disease,  because  in  this  malady  there  is  fre- 
quently a  marked  alteration  in  the  suprarenal  capsules. 
Further,  in  bronze  diabetes,  in  which  affection  many  of 
the  phenomena  met  with  in  animals  from  which  the 
capsules  have  been  removed  are  observed,  such  as 
muscular  weakness,  fall  of  arterial  pressure,  &c.  If  a 
cure  is  but  rarely  effected  by  this  treatment  (Beclere's 
case),  yet  certain  symptoms  are  markedly  relieved,  such 
as  asthenia,  darkening  of  the  skin,  &c.  Suprarenal 
extract  has  also  been  administered  in  diabetes  insipidus, 
in  cardiac  weakness,  neurasthenia,  haemorrhages  (on 
account  of  its  vaso-constrictive  properties,  which  are  due 
to  the  adrenalin),  and  the  troubles  complained  of  during 
the  menopause. 

The  glands  of  oxen,  of  calves,  and  of  sheep  are  taken 
by  the  mouth  either  fresh,  or  dried  in  powder,  tablets, 
&c.  The  extract  (oposuprarenaline)  is  given  in  quantities 
of  0  grm.  '2  to  0  grm.  '4  in  one  dose,  or  0  grm  '4  to 
0  grm.  -8  in  twenty-four  hours.  Should  there  be 
gastric  intolerance  of  the  remedy  when  thus  given,  the 
glycerinated  extract  may  be  administered  hypodermically . 

E.  Adrenalin. 

Adrenalin,  the  active  principle  of  suprarenal  extract, 
was  discovered  by  Takamine  (of  New  York)  in  1901. 
Neither  its  chemical  constitution  nor  its  molecular  weight 
are  yet  known  ;  but  it  nevertheless  possesses  remark- 
able and  constant  qualities.  First,  its  toxicity  is  about 
0*0015 — 0*0020  (Chevalier) — it  declares  itself  by  intense 
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dj^spnoea  and  symptoms  of  prostration  :  convulsions  only 
occur  at  the  end ;  at  the  autopsy,  as  a  rale,  merely 
trivial  congestive  lesions  are  observed.  When  injected 
into  the  veins  of  a  dog,  the  toxic  dose  is,  according  to 
Chevalier,  from  0  grm.  *0036  per  kilogramme  of  the 
animal's  weight. 

Intravenous  injection  of  adrenalin  causes,  in  the 
first  instance,  as  Chevalier  has  shown,  slowing  of  the 
cardiac  contraction,  lowering  of  the  arterial  pressure,  and 
slowing  of  respiration.  But  very  soon  afterwards  the 
pressure  once  again  rises  by  wide  oscillations,  and 
exceeds  the  normal,  the  heart  beats  rapidly  and  becomes 
irregular,  and  the  depth  of  the  respiration  increases, 
Thus  spasms  of  the  heart  and  vessels  supervene,  which 
explains  the  increase  of  arterial  pressure  by  intense  vaso- 
constriction of  the  peripheral  circulation.  But  this  vaso- 
constriction and  this  augmentation  of  pressure  are  of 
short  duration,  and  the  condition  rapidly  becomes 
normal  (6  to  8  minutes) .  Eeichert  has  detected,  further^ 
that  the  temperature  is  raised  and  the  exchanges  are 
increased,  but  it  is  difficult  to  determine  these  phenomena 
experimentally. 

When  injected  subcutaneously  in  the  dose  of  0  grm.  '001 
per  kilogramme  body  weight  adrenalin  seems  to  have 
only  a  slight  effect  upon  arterial  pressure.  W^hen  given 
internally  the  results  are  very  uncertain,  inasmuch  as  it 
loses  nearly  all  its  properties  w^hen  brought  in  contact 
with  the  tissues,  and  more  especially  the  glandular 
structures. 

It  should  be  added,  in  conclusion,  that  when  adrenalin 
is  injected  in  large  doses  into  the  peritoneal  cavity  of 
dogs,  glycosuria  results  (Herter  and  Kichard). 

Adrenalin  is  an  astringent  and  energetic  haemostatic, 
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its  effect  being  very  rapid  in  action  (in  from  one  to 
two  minutes).  It  is  successfully  made  use  of  in  keratitis, 
iritis,  and  glaucoma  for  the  purpose  of  assuaging  the 
ciliary  pain,  reducing  the  ocular  tension  and  clearing 
corneal  opacity  consecutive  to  injury;  in  swelling  of 
the  lachrymal  canals  and  in  cases  of  buzzing  in  the  ears 
(1  or  2  drops  of  adrenalin  solution  in  the  Eustachian 
tube) ;  in  the  minor  ophthalmic  operations,  as  well 
as  those  of  rhinoiogy  in  which,  by  inducing  anaemia 
of  the  area  operated  upon  (tampons  suffice),  the  risk  of 
haemorrhage  is  avoided.  It  is  equally  useful  in  opera- 
tions upon  the  nose  and  tonsils  and  in  dental  surgery. 
Lastly,  it  is  successfully  employed  in  severe  and  rebellious 
epistaxis  and  in  the  inflammatory  congestions  of  the  upper 
respiratory  or  digestive  tracts,  larjaigitis,  pharyngitis  and 
tonsillitis,  in  coryza  and  hay  fever,  according  to  Vignes. 
Further,  it  has  been  recommended  in  cases  of  opium  and 
morphia  poisoning  and  in  collapse  following  anaesthesia. 

The  remedy  is  contra-indicated,  however,  on  account  of 
the  abrupt  increase  of  vascular  tension  which  it  causes, 
in  all  cardio-vascular  cases. 

Adrenalin  is  employed  in  solution  of  1  in  1,000 ;  to 
the  solution  is  usually  added  a  little  chloretone  in  order 
to  preserve  it.  But  it  must  be  pointed  out  that  from  the 
physiological  point  of  view  this  is  illogical,  inasmuch  as 
chloretone  is  a  hypotensive  agent  and  a  vaso-dilator. 
Only  freshly-prepared  solutions  should  be  made  use  of, 
for  adrenalin  undergoes  oxidation  and  is  converted  into 
oxyadrenalin.  The  small  phials  containing  5  cubic 
centimetres  of  the  solution  should  be  preferred,  as  this 
quantity  is  amply  sufficient  for  all  occasions  in  which 
adrenalin  is  indicated. 
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F.  Spleen. 

The  spleen  apparently  plays  an  important  part  in 
hsematopoiesis.  Its  extract  is  extremely  rich  in  nucleins, 
phosphorus  and  iron  ;  according  to  Schiff  and  Herzen 
it  transforms  protrypsine  into  trypsine.  Danilewski  con- 
siders that  it  increases  the  number  of  red  globules  and 
the  haemoglobin,  and  Wauters  is  of  ojDinion  that  it 
contains  bactericidal  substances.  Hence  spleen  has  been 
administered  in  impaludism  and  malarial  cachexia,  in 
which  maladies  it  is  sometimes  successful ;  it  has  also 
been  given  in  leukaemia  and  pseudo-leukaemia,  in  splenic 
hypertrophy,  in  rickets,  and  even  in  exophthalmic 
goitre  (Wood). 

Internally,  spleen  of  the  pig  or  of  the  sheep  is  made 
use  of,  either  in  the  fresh  condition  or  desiccated,  or  the 
extract  (opolienine)  is  employed  in  doses  of  2  to 
6  grm.,  or  from  4  to  12  grm.  _pe?-  diem.  Hypodermic 
injections  of  the  watery  or  glycerinated  extract  are  also 
used,  but  more  rarely. 

G.   Testicle. 

Brown- Sequard  was  the  first  to  employ  testicular  juice 
(in  1889).  The  importance  and  value  of  this  substance  is 
deduced  by  this  physiologist  from  the  bodily  changes 
which  ensue  after  removal  or  atrophy  of  the  testicles, 
and  which  are  also  sometimes  observed  in  crypt- 
orchidism and  in  senile  degeneration.  Brown- 
Sequard  held  that  these  phenomena,  as  well  as  the 
connection  which  undoubtedly  exists  between  the  testicle 
and  the  development  of  the  larynx,  of  the  hair  and  of 
the  muscular  system,  could  be  explained  only  on  the 
assumption  of  the  existence  of  an  internal  secretion  of 
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the  gland.  Of  late  this  explanation  has  been  criticised, 
and  the  phenomena  consecutive  to  castration  and  those 
of  anorchidism  have  been  held  to  be  the  result  of 
hereditary  correlations.  But  in  order  that  these  cor- 
relations may  become  active,  an  excitant  is  necessary, 
which  can  only  be  the  internal  secretion  of  the  testicle, 
the  effect  of  which  is  to  provoke  the  appearance  of  the 
observed  correlations. 

The  success  of  the  method  employed  by  Brown - 
Sequard,  and  which  has  been  confirmed  by  a  number  of 
observers,  has  also  been  called  in  question,  or  has  been 
explained  on  the  assumption  that  it  is  the  result  of 
suggestion  (Gilbert  and  Carnot).  The  truth  is  that  it 
has  been  attempted  to  make  of  orchitic  medication  a 
universal  remedy,  but  as  a  matter  of  fact  it  is  only  of 
use  in  the  treatment  of  certain  well-defined  cases,  more 
especially  all  forms  of  neurasthenia,  nervous  asthenia, 
cerebral  depression,  failure  of  reproductive  power,  and 
premature  senility.  In  these  maladies  it  frequently 
gives  good  results  by  stimulating  the  nervous  system, 
and  by  increasing  the  power  of  work,  both  intellectual 
and  physical,  and  also  the  secretions  and  diuresis,  the 
proportion  of  haemoglobin,  the  vital  resistance,  &c. 
These  results  may  be  explained,  in  part  at  all  events,  by 
the  chemical  composition  of  testicular  extracts,  which 
are  rich  in  organic  phosphorus,  and  whose  action  is 
exactly  comparable  to  that  of  the  lecithins  and  glycero- 
phosphates, which  have  been  already  studied  and  which 
give,  under  the  same  circumstances,  altogether  similar 
results. 

Testicular  opotherapy  has  been  successfully  employed 
in  neurasthenia,  and  the  neuroses  with  depression  ;  in 
melancholia  and  mental  alienation ;  in  paralysis  agitans 
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and  general  paralj^sis  and  senile  decaj^  and  premature 
senility ;  in  tuberculosis,  cancer  and  malarial  cachexia  ; 
lastly,  in  anaemia,  impotence,  and  in  the  disturbances 
which  ensue  after  castration. 

As  a  rule  the  juice  of  the  testicle  is  made  use  of ;  this 
is  prepared  by  the  maceration  of  the  gland  in  glycerine, 
the  organ  being  previously  cut  into  small  pieces.  The 
testicles  of  bulls  and  of  rams  are  exclusively  used.  The 
macerated  mass  is  filtered  and  sterilised  under  pressure 
of  carbonic  acid ;  it  is  employed  by  hypodermic  injection 
in  quantities  of  1  to  3  c.c.  The  dry  extract  (opo-orchidine) 
may  also  be  given  by  the  mouth  in  doses  of  from 
0  grm.  '5  to  0  grm.  -8,  or  1  grm.  '5  to  3  grm.  in  the 
twenty-four  hours.  Sometimes  the  fresh  organs  are 
made  use  of  either  reduced  to  pulp  or  lightly  roasted. 

H.  Ovary. 

The  changes  which  ensue  consecutively  to  disease  or 
removal  of  the  ovaries  are  almost  the  same  as  those 
which  follow  atrophy  or  removal  of  the  testicles.  And  it 
seems  probable  that  the  menstrual  blood  carries  out  of 
the  system  a  portion  of  those  toxins  which  have  accumu- 
lated in  the  female  organism.  As,  further,  the  investiga- 
tions of  Etienne  and  Demange  would  seem  to  prove  that 
the  active  principle  secreted  by  the  ovaries,  ovarine, 
contains  an  oxidising  ferment,  an  oxydase,  analogous 
to  Poehl's  spermine  (see  p.  169),  it  would  follow  that 
atrophy  of  the  ovary  must  cause  disorders  which  are 
the  result  of  auto-intoxication  (by  want  of  the  oxydase), 
as  also  those  of  nutrition  (by  rupture  of  co-ordination), 
which  declare  themselves :  (1)  During  growth  and 
develo23ment  by  chlorosis  ;  (2)  at  the  menopause,  and  as 
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the  result  of  double  ovariotomy,  by  congestive  seizures, 
nervous  troubles,  vertigo  and  attacks  of  syncope,  as  well 
as  by  pelvic  and  cephalic  neuralgia. 

These  latter  disorders  are  also  observed,  but  in  a  less 
marked  form,  in  amenorrhoea  and  even  in  dysmenorrhoea. 

Hence  ovarian  opotherapy  has  been  sometimes 
successfully  employed  in  chlorosis,  in  the  nervous 
symptoms  which  are  often  complained  of  at  the  menopause 
and  after  surgical  removal  of  the  ovaries,  in  amenorrhoea, 
and  also  in  neurasthenia,  hysteria  and  osteomalacia. 

The  ovary  of  the  cow  or  sheep  is  made  use  of  in 
dried  powder,  or  in  tablet  form.  The  dose  varies  from 
0  grm.  '10  to  0  grm.  '30  j:>er  diem.  The  extract  of 
ovary  (opo-ovarine)  is  also  employed  in  the  dose  of 
0  grm.  '2  to  0  grm.  '8,  or  0  grm.  '6  to  3  grm. 
pro  die.  Sometimes  the  glycerine  extract  is  injected 
hypodermically. 

I.  Liver. 

The  internal  secretions  of  the  liver  have  been  specially 
studied  by  Gilbert  and  Carnot,  who  have  shown  that  they 
increase  the  production  of  urea  and  stimulate  the  bile- 
forming,  glycogenic,  and  antitoxic  functions.  Further, 
internal  secretion  exerts  a  very  w^ell  defined  coagulating 
influence.  Hence  these  authors  regard  the  part  played 
by  internal  secretion  as  a  very  important  one,  and  they 
consider  that  hepatic  opotherapy  has  a  great  future, 
although  it  cannot  be  denied  that  the  results  of  this 
mode  of  treatment  seem  to  be  contradictory. 

Gilbert  and  Carnot  recommend  hepatic  opotherapy  in 
the  treatment  of  atrophic  and  hypertrophic  cirrhosis  of 
the  liver,  icterus — in  both  of  which  affections  cases  of 
remarkable  improvement  are  detailed,  while  Laudouzy 

M.T.  p 
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and  Dieulafoy  report  others  in  which  no  amelioration 
ensued — in  diabetes  and  gout,  in  biHary  lithiasis,  and, 
lastly,  in  haemorrhages,  hgemoptysis,  epistaxis,  purpura, 
&c.  In  no  case  has  any  untoward  toxic  effect  ensued  from 
the  treatment. 

Either  the  fresh  liver  of  the  calf  or  pig,  or  the  total 
fresh  or  dried  extract  of  the  same,  is  made  use  of  when 
the  remedy  is  given  by  the  mouth.  The  quantity  of 
opohepatoidine  is  1  grm.  *50  to  4  grm.  2^er  diem,  the 
single  dose  is  0  grm.  '5.  Different  aqueous,  alcoholic,  or 
peptic  and  papaine  extracts  are  also  employed,  whose 
activity  varies.  These  may  be  administered  hypodermi- 
cally  or  (the  last)  by  the  rectum. 

J.  Pancreas. 

The  researches  of  Lancereaux,  Mehring,  of  Minkowski, 
and,  later,  those  of  Lepine,  Heydon  and  Gley,  have  shown 
that  the  internal  secretion  of  the  pancreas  controls  either 
the  moderating  function  of  the  liver  as  concerns  sugar 
formation  or  the  activity  of  glycolysis.  This  control  is 
effected  either  by  the  action  of  the  secretion  upon  the 
nervous  centres  or  by  the  glycolytic  ferment  which  it 
contains  (Lepine),  and  which  it  would  give  up  to  the 
blood. 

Hence  pancreatic  opotherapy  has  been  employed  in 
those  cases  in  which  diabetes  is  associated  with  lesions 
of  the  pancreas.  It  must  be  admitted  that  the  results 
obtained  have  been  by  no  means  uniform ;  the  failures 
have  been  attributed  by  some  observers  simply  to  the 
fact  that  diabetes  other  than  pancreatic  cannot  be 
reasonably  expected  to  yield  to  the  treatment.  Eummo 
has  extolled  the  use  of  pancreatic  extracts  in  all  func- 
tional digestive  disturbances,  on  account  of  the  energetic 
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action  which  the  ferments  contained  in  them  exert  when 
care  is  taken  to  convert  artificially  the  pro-ferments  into 
active  ferments. 

In  diabetes  the  active  fresh  gland  is  preferably 
administered  in  toto ;  but  the  extract  (opopancreatine) 
may  also  be  given  by  the  mouth  in  single  doses  of 
0  grm.  '2  to  0  grm.  '8,  or  from  2  to  8  grm.  j)er  diem. 
The  extract  may  also  be  given  either  hypodermically 
or  in  the  form  of  enema. 

K.  Prostate, 
Prostatic  opotherapy  is  yet  in  its  infancy,  and  has  only 
been  employed  by  Eeinert  and  Bazy  in  hypertrophy  of 
the  prostate  gland.  They  have  obtained  some  definite 
results.  Minced  bull's  prostate  is  made  use  of,  or  the 
extract  (opoprostatine)  in  single  doses  of  0  grm.  '2,  or 
0  grm.  '8  per  diem. 

L.  Mammary  Gland. 

According  to  Danhardt,  this  gland  contains  a  substance 
which  is  capable  of  converting  albumin  into  casein. 
Further,  this  substance  depresses  the  heart's  action. 
Bell  and  Shober  have  praised  the  extract  in  uterine 
myomata ;  it  seems  that  the  volume  of  the  tumour  is 
diminished  and  that  metrorrhagia  ceases.  It  is  employed 
in  the  form  of  a  dry  powder  (opomastine),  in  quantities  of 
0  grm.  '75  to  1  grm.  pro  die.^ 

M.  Kidney. 

From  the  fact  that  when  the  ureters  are  tied  animals' 
live  longer  than  when  the  kidneys  are  removed,  Brown- 
Sequard  has  drawn  the  inference  that  there  is  an  internal 

^  Hillemand,  op.  cit.,  p.  43. 
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secretion  of  the  kidney  different  from  the  urinary 
function. 

This  secretion  would  appear  to  be  at  one  and  the 
same  time  antitoxic,  capable  of  stimulating  nutrition  or 
of  moderating  the  process  of  disassimilation,  and  finally, 
according  to  Gilbert  and  Carnot,^  of  exerting  a  coagulating 
influence  on  the  blood  analogous  to  that  of  the  internal 
secretion  of  the  liver.  But  these  several  properties  would 
appear  to  be  present  together  only  in  the  living  organ, 
inasmuch  as  Bunge  and  Schmiedeberg  have  not  succeeded 
in  arriving  at  the  synthesis  of  hippuric  acid  by  the  aid 
of  kidney  extract. 

Eenal  opotherapy  has  been  made  use  of  since  1893 
by  Dieulafoy,  Teissier  and  Fraenkel  in  uraemia,  chronic 
nephritis  and  in  albuminuria,  and  by  Gilbert  and  Carnot 
in  several  cases  of  haemorrhage  in  Bright's  disease.  The 
results  have  been  extremely  variable,  and  in  as  many 
cases  as  have  been  relieved  uraemic  symptoms  have  been 
aggravated  rather  than  benefited.  Sheep's  and  pig's 
kidneys  are  employed,  or  the  extract  of  the  same 
(oporenine)  in  single  doses  of  0  grm.  "5  to  0  grm.  '8, 
or  1  grm.  '50  to  3  grm.  i:)er  diem.  Hypodermic  injection 
of  glycerine  extract  may  also  be  used. 

N.  Lung, 

Trophic  disorders  affecting  the  extremities,  which  are 
not  seldom  observed  in  the  course  of  pulmonary  lesions, 
and  especially  in  those  which  are  due  to  micro-organisms, 
first  suggested  the  possibility  of  there  being  an  internal 
secretion  on  the  part  of  the  lung.  This  secretion 
possesses  an  antitoxic   action  according  to  Wauters,  a 

1  Eapport  du  Congres  de  ^Medecine  Interne  (Montpellier,  1898). 
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metabolic  action  according  to  Demons.  Pulmonary 
extract  has  been  employed  in  phthisis,  chronic  bronchitis, 
bronchicetasis,  in  osteoarthropathies  hypertrophiantes 
pneumiques,  as  also  in  empyema  and  mediastinal  abscess, 
in  which  it  would  seem  to  have  occasionally  caused  some 
marked  imjDrovement.  The  total  extract  (opopneumine)  is 
made  use  of  in  daily  amounts  of  1  to  2  grm.,  administered 
by  the  mouth,  or  by  hj^podermic  injection. 

0.  Bone  Marroiv. 

Just  as  is  the  case  with  the  spleen,  so  does  the  bone 
marrow^  appear  to  take  a  part  in  the  elaboration  of  the 
formed  elements  of  the  blood.  As  Knoll  has  shown,  it 
invariably  contains  a  variety  of  haematogen  and  a 
substance  resembling  the  glycerophosphate  of  lime. 
Hence  medullary  opotherapy  has  been  essayed  in  a  cer- 
tain number  of  affections,  and  in  these  it  increases  the 
number  of  red  corpuscles  and  of  the  haemoglobin  content 
and  thus  considerably  ameliorates  the  symptoms.  In 
some  maladies,  such  as  rickets  and  osteomalacia,  the 
yellow  marrow  gives  the  best  results  ;  in  others,  such  as 
severe  anaemia,  chlorosis,  leukaemia  and  pseudo-leukaemia 
(Combe),  neurasthenia,  the  red  marrow  seems  to  be 
preferable.  Critzmann  in  impaludism  combines  splenic 
and  medullary  therapy. 

The  fresh  marrow  of  the  calf  or  ox  is  made  use  of  in 
daily  quantities  of  a  teaspoonful  for  children,  from  50  to 
100  grm.  for  adults ;  the  latter  doses  sometimes  have  a 
slightly  purgative  effect.  The  extract  of  yellow  marrow 
(opoossiine)  and  that  of  red  marrow  (opomedulline)  are 
given  in  doses  of  0  grm.  '2  to  1  grm.,  and  up  to  6  grm. 
may  be  administered  in  twenty-four  hours. 
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P.  Nervous  Tissue. 

When  the  nervous  structures  are  modified,  either 
functionally  or  structurally,  the  deficiency  of  the  normal 
accessory  product  of  their  activity  tends  to  give  rise  to 
disorders  of  general  co-ordination.  It  has,  therefore, 
been  proposed,  in  morbid  nervous  states,  to  practice 
opotherapy,  or  nervous  transfusion,  by  means  of  extracts 
of  cerebral  or  medullary  substance  of  animals  which 
are  strong  and  healthy.  Babes,  and  especially  C.  Paul, 
have  made  use  of  this  material  in  neurasthenia,  epilepsy, 
melancholia,  acute  mania  and  tabes  dorsalis,  as  well  as 
in  chlorosis  and  depressed  general  conditions  consecutive 
to  serious  infections. 

In  some  cases  the  results  have  been  satisfactory.  The 
effects  of  the  extracts  of  nervous  tissue,  and  especially  of 
the  grey  substance  (cellular  portion  of  the  neurons), 
have,  however,  been  but  slightly  different  from  those 
which  are  the  results  of  treatment  with  Sequardine,  or 
testicular  juice. 

Eecently  Wassermann  and  Takaki  have  discovered 
that  nerve  extract  neutralises  tetanic  toxin,  and  this  has 
been  confirmed  by  the  researches  of  Courmont  and 
Doyen,  of  A.  Marie,  of  Brouardel  and  Thoinot,  and  of 
Koger  and  Josias.  Lastly,  Babes  and  Kiegler  have 
proved  that  the  medulla  oblongata  of  healthy  sheep  is 
antagonistic  to  the  infection  of  rabies  in  dogs  which  have 
been  inoculated  after  they  have  been  trephined. 

The  glycerinated  extract  is  preferably  employed,  and 
by  hypodermic  injection  at  the  rate  of  from  4  to  5  grm. 
of  the  1  in  10  extract  per  week  or  every  third  day. 
When  dried  extract  (opocerebrine)  is  made  use  of   by 
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the  moutli  the  single  doses  are  from  0  grm.  "2  to 
0  griQ.  '4,  or  from  0  grm.  '4  to  0  grm.  '8  in  twenty- 
four  hours. 

4.    ZOMOTHEKAPY. 

Just  as  happens  with  regard  to  other  tissues,  the 
muscles  furnish  accessory  products  hy  their  activity 
w^hich  without  any  douht  take  part  in  the  general 
co-ordination  of  function.  Hence  muscle  extracts  have 
also  been  employed  in  opotherapy  in  spite  of  their 
toxicity,  which  does  not,  however,  seem  to  be  more 
marked  than  is  that  of  other  animal  extracts.  These 
muscle  extracts  have  been  made  use  of  by  hypodermic 
injection,  especially  in  the  primitive  myopathies,  but 
without  any  marked  success ;  yet  Hammond  has  employed 
extracts  of  heart  muscle  (cardine)  in  chronic  disease  of  the 
myocardium  and  in  asystole,  and  with  some  benefit. 

But  muscle  extract  has  recently  (1900),  in  the  hands 
of  C.  Richet  and  Hericourt,  given  unexpected  and  very 
remarkable  results  in  the  treatment  of  tuberculosis. 
Eaw  meat  has  for  long  been  employed  in  the  treatment 
of  wasting  and  debility  of  children,  as  also  in  prolonged 
convalescence,  and  in  most  cases  this  treatment  is 
followed  by  very  rapid  improvement,  in  spite  of  the 
opinion  which  once  prevailed,  and  of  which  Bergeron 
has  been  a  supporter,  that  the  only  effect  of  the  raw- 
meat  treatment  is  the  production  of  worms.  It  was 
these  clinical  facts  which  led  Eichet  and  Hericourt  to 
make  use  of  raw  meat  in  the  treatment  of  tuberculosis. 
Dogs  fed  chiefly  or  entirely  on  raw  meat  did  not  become 
tubercular,  while  the  control  animals  inoculated  in  pre- 
cisely the  same  conditions  all  died.  Further,  the  inges- 
tion of  raw  meat  induced  a  condition  which  was  inimical 
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to  the  production  of  tuberculosis,  for  it  was  found  that 
dogs  submitted  to  this  treatment  for  some  months  and 
then  again  placed  on  ordinary  diet  and  inoculated  were 
incapable  of  being  infected  and  gained  weight,  although 
other  dogs  which  had  not  been  thus  fortified  against 
tubercular  infection  succumbed  more  or  less  quickly.-^ 

Eichet  and  Hericourt  have  gone  yet  further,  and  have 
proved  that  muscle  extract,  or  muscle  serum,  obtained 
by  submitting  meat  to  strong  pressure  possesses  exactly 
the  same  properties  as  raw  meat,  and  that  the  serum 
given  in  quantities  of  20  c.c.  per  kilogramme  weight  of 
the  animal  cures  tuberculosis  experimentally  induced  on 
dogs.  In  the  early  stage  of  tuberculosis  the  minimum 
dose  which  is  requisite  in  order  that  positive  results  may 
follow  would  be  15  grm.  of  serum  per  kilogramme  of  the 
patient's  weight  at  the  beginning  of  treatment. 

This  method  was  immediately  applied  to  the  treatment 
of  human  tuberculosis  and  tried  by  a  large  number  of 
physicians,  particularly  by  Josias  and  Eoux.  These 
authors  ^  have  proved  that  zomotherapy  is  very  efficacious 
in  the  first  stage  of  tuberculosis,  in  which  it  causes  rapid 
and  lasting  improvement,  the  diarrhoea,  night  sweating, 
cough,  febrile  and  stethoscopic  signs  of  the  disease  all 
disappearing.  Further,  body  weight  increases.  But 
when  the  disease  is  in  the  second  or  third  stage  the  case 
is  widely  different :  when  improvement  results,  it  is  tem- 
porary only,  and  usually  the  fever  does  not  yield,  neither 
does  the  diarrhcea ;  the  pulmonary  lesions,  too,  extend  and 
become  more  severe.  Josias  and  Eoux  conclude :  "  When 
the  case  is  one  in  which  the  lesion  is  the  result  of  the 
activity  of  the  tubercle  bacillus  alone,  the  muscle  serum 

1  1  Soc.  de  Biologie,  June  2n(i  and  8tli,  1900. 

2  Soc.  de  Tlierapeutique,  February  13th,  1901. 
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treatment  may  be  followed  by  the  amelioration  or  even 
by  the  cure  of  the  malady.  But  when  the  tubercular 
lesion  is  complicated  by  the  invasion  of  the  secondary 
microbes  which  flourish  in  the  lungs  in  the  stage  of 
softening  and  of  cavity  formation,  treatment  by  raw  meat 
juice  has  only  a  relative  therapeutic  action." 

It  must  be  remembered  that  these  results  have  been 
obtained  in  hospitals,  which  are  by  no  means  a  favour- 
able locality  for  the  cure  of  infections,  on  account  of 
the  numerous  contaminations  which  must  inevitably  be 
present.  In  private  practice  better  results  have  been 
obtained.  Duhourcau  has  reported  several  satisfactory 
results,  some  cases  being  really  cured.  But  this  author, 
sharing  the  opinion  of  A.  Robin,  does  not  make  use  of 
the  large  doses  of  muscle  serum  which  have  been  recom- 
mended by  Richet  and  Hericourt,  and  he  admits  the  use 
of  the  darker  meats  in  the  treatment,  these  being  for- 
bidden by  the  latter  authors.  Too  energetic  serum 
treatment  may,  owing  to  the  toxins  contained  in  the 
fluid,  cause  accidents  due  to  auto-intoxication,  and  even 
irreparable  lesions  of  the  kidney.  Duhourcau  never 
orders  more  than  150  to  200  grm.  of  meat  juice  j:>?-o  die 
(corresponding  to  250  to  300  grm.  raw  meat),  and  150  to 
200  grm.  of  raw  meat  pulp. 

There  is  much  difference  of  opinion  as  to  the  manner 
in  which,  in  favourable  cases,  muscle  serum  acts. 
Duhourcau  seems  inclined  to  admit  with  Rey  Pailhade 
the  influence  of  a  hydrogenous  ferment  (philothion), 
which  stimulates  the  chemical  activity  of  the  cells  of  the 
organism.  Laumonier  thinks,  on  the  contrary,  that  by 
superalimentation  with  meat  and  by  the  use  of  muscle 
extracts  tissue  changes  are  brought  about  resembling 
those    of    arthritism.       Urinary    analysis    under    this 
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treatment  reveals  a  marked  increase  in  the  proportion 
of  uric  acid  to  urea,  at  the  same  time  that  a  diminution 
in  the  relation  of  uric  acid  to  phosphoric  acid  of  the 
alkalies  occurs,  which  would  clearly  tend  to  show  that 
the  system  is  passing  into  a  condition  of  uricaemia, 
unfavourable  to  the  evolution  of  tuberculosis,  or  in 
which  sluggish,  slowly  developing  forms  of  tuberculosis 
are  alone  observed.  Josias  and  Eoux  have  proved,  what 
Hericourt  had  already  observed,  in  animals,  that  zomo- 
therapeusis,  when  tending  to  a  favourable  issue,  may 
cause  benign  local  tubercular  lesions.,  which,  however, 
become  cured  without  any  complication. 

Hericourt  has  constructed^  the  following  formula  for 
antitubercular  zomotherapeusis :  fresh  beef,  preferably 
beef  steak,  is  minced  and  freed  from  fat,  and  is  then 
macerated  for  two  hours  in  one-fifth  of  its  weight  of 
sterilised  cold  water.  The  mass  is  then  placed  in  a 
strong  cloth  and  submitted  to  methodical  pressure  in  an 
appropriate  machine,  which  should  be  cleansed  with 
boiling  water  before  and  after  each  operation. 

The  quantities  of  muscle  juice  ingested  are  as  follows, 
regard  being  always  paid  to  the  drawbacks  already 
referred  to : — 

1.  In  early  or  latent  tuberculosis  200  to  400  grm.  of 
the  liquid,  which  corresponds  to  from  500  to  1,000  grm. 
of  meat  before  pressure. 

2.  In  tuberculosis  which  has  reached  the  second  stage, 
400  to  800  grm.  of  juice,  corresponding  to  from  1,000 
to  2,000  grm.  of  meat. 

3.  In  tuberculosis  which  is  advanced,  or  in  miliary 
tuberculosis,  800  to  1,200  grm.  of  the  juice,  representing 

1  Revue  de  la  Taherculose,  1901,  No.  2. 
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from  2,000  to  3,000  grm.  of  meat.  Muscle  juice 
decomposes  with  great  rapidity,  and  should  be  taken 
as  soon  as  it  is  prepared.  It  should  be  given  about 
half  an  hour  before  food,  in  order  that  the  appetite  may 
not  be  destroyed.  If  the  taste  is  objectionable  a  little 
salt,  seltzer  water,  or  syrup  of  orange  peel  may  be 
added. 

As  soon  as  possible  cooked  meat  should  be  replaced  by 
that  which  is  raw,  and  if  the  patient  cannot  take  the  latter, 
cooked  dark  meats  should  at  least  be  forbidden.  When 
there  is  no  tendency  to  congestion  or  hsemorrhage  the 
juice  may  be  entirely  replaced  by  raw  meat,  of  which,  in 
early  tuberculosis,  300  to  400  grm.  may  be  given,  and 
500  to  800  when  the  disease  is  in  its  later  stages.  If 
the  risk  of  the  production  of  tape-worm  is  dreaded,  then 
mutton  may  be  substituted  for  beef. 

Lastly,  zomotherapy  requires  that  all  other  medica- 
tion be  suspended — except  the  administration  of  cod-liver 
oil — and  the  treatment  should  be  continued  during  six 
months  at  least  after  the  disajppearance  of  threatening 
symptoms. 
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SEEOTHERAPY  AND  VACCINATION. 

1.  The  Defensive  Eeactions  of  the  Organism  and 
Immunity. 

The  organism  is  possessed  of  numerous  and  efficacious 
means  of  defence  against  the  invasion  of  infectious  germs, 
of  pathogenic  bacteria. 

The  skin  forms  the  first  line  of  defence,  for  if  the 
intact  skin  does  not  appear  to  offer  so  effective  a  resist- 
ance to  microbes  as  to  foreign  bodies  in  general,  yet 
microbes  are  rarely  found  in  it  on  account  of  its  thick- 
ness, of  its  but  slightly  raised  temperature,  of  its 
structure,  and  of  the  absence,  therefore,  of  conditions 
favourable  to  their  development.  This  is  not  the  case 
as  regards  the  mucous  membranes,  which  are  far  more 
permeable,  although  their  secretions  are  frequently 
endowed  with  germicide  properties.  When  these  barriers 
are  once  surmounted,  the  genuine  defence  of  the 
organism  commences  by  a  congestive  reaction  which 
is  accompanied  by  diapedesis  and  phagocytosis — phago- 
cytosis to  which  w^e  shall  speedily  return  at  greater 
length  on  account  of  its  importance.  A  local  lesion 
arises  which  represents  a  new  effort  to  limit  the  bacterial 
invasion,  since,  along  with  the  damaged  cells  which 
succumb,  there  is  a  proliferation  of  others  which  regain 
the  power  of  phagocytosis  (macrophages). 
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In  some  cases  this  means  of  protection  would  seem  to 
fail  in  the  case  of  very  virulent  bacteria  whose  toxins 
appear  to  have  a  negative  chemiotactic  action  on  the 
phagocytes ;  then  a  tendency  to  general  infection  arises. 
Happily  these  are  not  the  only  means  of  defence,  and  the 
lymphatic  ganglia,  the  single  and  aggregated  follicles, 
the  tonsils,  the  serous  membranes,  all  exert  an  action  in 
arresting  or  retarding  the  general  invasion  of  the  system. 
This  is  effected  by  the  blood,  either  directly,  or  after 
the  lymphatic  ganglia  are  surmounted.  But  the  blood 
possesses  bactericidal  powers,  or  at  least  presents  a 
medium  little  favourable  to  the  evolution  of  microbes, 
since  they  rapidly  disappear  (possibly  mechanically) 
and  localise  and  fix  themselves  in  the  different  organs. 
In  the  course  of  this  circulation  they  encounter  the  last 
barriers  to  their  progress.  The  liver  seems  to  be  especially 
powerful  against  bacteria  and  the  staphylococcus,  but  as 
regards  the  streptococcus  and  the  bacterium  coli  this 
organ  is  not  defensive;  on  the  contrary,  it  increases 
their  virulence.  The  lung  is  the  most  efficacious  barrier 
against  the  streptococcus.  The  kidney,  like  the  liver, 
seizes  upon  many  micro-organisms,  and  thus  exercises 
really  protective  powers. 

Lastly  must  be  mentioned  the  genital  organs,  and 
especially  those  of  the  female,  which,  very  permeable 
to  microbes  and  continually  infected,  secrete  by  their 
mucous  membranes  a  germicide  liquid ;  further,  at  the 
time  of  lying-in  this  resistance  to  microbes  is  markedly 
increased.  The  same  mode  of  defence  is  met  with  in 
the  digestive  tract,  especially  the  stomach,  on  account 
of  its  acidity,  &c. 

To  sum  up,  in  all  the  different  organs  the  means 
of   defence  are   of  the  same  order;   disregarding   any 
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mechanical  influence,  they  act  through  their  special 
or  accidental  (phagocytes)  constituents  upon  pathogenic 
bacteria  and  their  toxins.  By  what  mechanism?  This 
question  must  be  briefly  considered.  Apart  from  the 
tentative  inquiries  of  D'Auzias-Turenne  and  of  Maurice 
Eaynaud,  the  researches  of  Eichet  and  Hericourt  in 
1888  and  1889,  and  those  of  Bertin  and  Picq  in  1890, 
were  the  starting  point  of  serotherapy,  and  they  showed 
to  a  certain  extent  that  injections  of  the  blood  of  an 
animal  which  was  refractory  as  regards  any  special 
infection  into  animals  liable  to  the  same  infection 
rendered  the  latter  more  resisting.  Then  the  memoirs  of 
Behring  and  Kitasato  in  1890,  and  of  Eoux  in  1894, 
definitely  established  the  principles  upon  which  sero- 
therapy is  based,  these  principles  being  developed  and 
rendered  precise  by  the  work  of  Metchnikow,  and  of 
Salimbeni  and  Eoux.  From  this  time  the  fact  of  immu- 
nisation in  certain  cases  appears  to  be  indisputable, 
but  the  explanation  of  the  same,  and  consequently  the 
manner  in  which  serum  acts,  still  seems  to  be  very 
variable.  However  this  may  be,  it  appears  that  the 
theories  put  forward  to  interpret  the  mechanism  of 
immunity  may  be  divided  into  two  chief  groups :  in  the 
first  are  included  the  views  of  those  who  think  that  the 
destruction  of  bacteria  and  the  neutralisation  of  their 
toxins  are  the  effect  of  a  passive  resistance  which  is  the 
result  of  the  peculiar  properties  of  the  body  humours ; 
in  the  other  is  contained  the  doctrine  that  they  are  the 
result  of  an  active  offensive  resistance  exerted  by  certain 
cellular  elements,  the  phagocytes.^     Thus  is  renewed  the 

1  Cf.  Bourcy:  "Predisposition  et  immunite "  (Path.  gen.  de 
Boucliard,  Vol,  I.,  pp.  438  et  seq.) ;  Landouzy:  "Les  Sero- 
therapies" (Paris,  1898). 
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old  quarrel  between  humourists  and  solidists ;  but  it  will 
be  obvious  presentl}^  that  this  conflict  of  opinion  is  only 
apparent,  inasmuch  as  it  arises  simply  from  an  imperfect 
interpretation  of  the  phenomena  of  reaction,  of  which 
the  economy  is  the  seat.  The  humoral  theories  would 
explain  immunity  either  by  a  bactericidal  condition,  or 
by  the  attenuating  properties  of  the  internal  humours,  or 
by  the  antitoxic  influence  of  the  same  humours. 

The  bactericidal  condition  of  the  humours  has  been 
chiefly  dwelt  upon  by  Fodor,  and  later  by  Fliigge, 
Nuttal,  Nissen,  Buchner,  and  Behring  himself,  all  of 
whom  have  maintained  that  the  serum  of  immunised 
animals  kills  bacteria,  or  more  or  less  retards  their 
development.  The  experiments  of  Behring  and  Nissen 
on  this  point  seem  to  be  very  conclusive.  As  a  matter 
of  fact  the  guinea-pig  is  very  sensitive  to  bird  septi- 
caemia, and  in  a  normal  condition  its  serum  does  not 
exert  any  action  on  the  microbe  {vihrio-Metchnikowii)  of 
the  disease,  while,  if  the  animal  has  been  vaccinated,  its 
serum  is  definitely  bactericidal.  The  fact  is  true ;  but  by 
what  mechanism  does  the  serum  become  bactericidal  ? 
It  can  only  be  assumed  that  it  is  the  result  of  a  chemical 
change,  itself  the  effect  of  an  influence  conveyed  from 
without,  or  due  to  the  altered  activity  of  the  elemen- 
tary tissues.  Since  there  is  no  sufficiently  potent  exterior 
agency,  it  is  not  possible  to  explain  the  fact  otherwise 
than  by  the  assumption  that  the  cause  must  reside 
in  the  histological  elements  of  the  tissue,  and  more 
especially  in  the  phagocyte.  Further,  the  bactericidal 
condition  of  the  humours  does  not  necessarily  produce 
immunity.  Human  serum,  as  a  matter  of  fact,  is 
bactericidal  as  regards  Eberth's  bacillus,  and  yet  man 
contracts  typhoid  fever.     On  the  other  hand,  the  serum 
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of  the  dog  is  in  no  degree  lethal  as  regards  the  anthrax 
bacillus,  and  yet  the  dog  does  not  contract  anthrax.  It 
should  be  added  that  a  serum  when  heated  to  55^  C. 
loses  its  bactericidal  power,  but  retains  its  immunising 
properties.  As  regards  i\\Q  phenomenon  of  Pfeiffcr  (dis- 
organisation and  dissolution  of  the  cholera  vibriones  when 
the  latter  are  introduced  into  the  peritoneal  cavity  of 
immunised  animals),  Metchnikow  and  Bardet  explain 
it  through  the  intervention  of  phagocytes. 

The  unsatisfactory  nature  of  the  bactericidal  theory 
has  led  Bouchard,  Charrin  and  Roger  to  maintain  that 
the  juices,  without  necessarily  killing  infectious  germs, 
may  yet  diminish  their  virulence.  From  this  point  of 
view  pathogenic  bacteria,  although  still  living,  would 
undergo  a  change  in  their  functional  activity  under  the 
influence  of  the  humours,  by  which  their  virulence 
would  be  checked  and  they  would  be  rendered  inoffen- 
sive. Bat  there  is  really  no  proof  of  this  being  so, 
so  far  as  concerns  natural  immunity,  since,  as  Roux 
has  shown,  the  virulence  of  bacteria,  far  from  being 
diminished,  seems  to  increase  on  their  being  passed 
through  a  refractory  animal.  In  the  case  of  vaccinated 
animals,  as  concerns  their  consequent  immunity,  an 
attenuation  of  virulence  is,  however,  sometimes  observed, 
as  Charrm  and  Roger,  Metchnikow  and  Courmont  have 
noticed  as  regards  the  bacillus  pyocyaneus,  the  strepto- 
coccus of  erysipelas,  the  bacteridium,  and  the  pneumo- 
coccus  and  the  staphylococcus.  But  the  attenuation 
is  far  from  being  constant,  and,  further,  this  explana- 
tion is  attended  with  the  same  difficulties  as  are  the 
bactericidal  theories. 

As  the  result  of  their  researches  on  diphtheria  and 
tetanus,  Behring  and  Kitasato,  having  remarked  that 
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the  serum  of  vaccinated  animals  neutralises  the  corre- 
sponding microbic  toxins,  although  not  possessing  any 
bactericidal  or  attenuating  property,  formulated  a  new 
theory  of  immunity  according  to  which  the  humours, 
without  killing  or  attenuating  the  virulence  of  bacteria,  yet 
contain  antitoxins  which  neutralise  the  bacterial  toxins. 
This  theory,  as  is  well  known,  has  led  its  authors  to 
make  use  of  antidiphtheritic  and  antitetanic  serums,  and 
is,  indeed,  the  fundamental  principle  upon  which  sero- 
therapy is  based.     But  if,  as  concerns  acquired  immu- 
nity, it  is  assumed  with  Ehrlich  and  C.  and  F.  Klemperer 
that  antitoxins  are  sometimes  formed  in  the  humours, 
this  is  not  the  case  as  regards  natural  immunity,  since 
the  blood  of  animals  which  are  spontaneously  refractory 
has  no  antitoxic  property.     And  as  we  have  seen,  the 
blood  of  vaccinated  animals  may  be  bactericidal  without 
being  antitoxic,  and  vice  versa,  and  Calmette,  Phisalix 
and  G.  Bertrand  have  shown  that  a  mixture  of  anti ve- 
nomous serum  and  venine,  warmed  at  a  temperature  of 
70°  C,  loses  its  antitoxic  power  while  maintaining  its 
toxic  properties.     Hence  there  is  no  neutralisation  of  the 
toxin  by  the  antitoxin  in  the  chemical  sense,  and  con- 
sequently  acquired   immunity    would    not    exclusively 
depend  upon  the  antitoxic  property  of  the  humours.    This 
property   exists,   but   it   is   a   secondary    adjunct    sub- 
ordinated to  other  conditions  rather  than  to  the  presence 
of  bacterial  toxins,  and  this  is  the  reason  w^hy  it  is  both 
inconstant  and  variable. 

The  cellular  theory  of  immunity,  that  is  to  say,  the 
theory  that  the  innate  or  acquired  resistance  of  an 
organism  to  a  given  infection  is  due  to  certain  histo- 
logical elements  of  this  organism,  appears  to  have  been 
first  put  forward  by  Grawitz,  wdio  formulated  it  since  1 881. 

M.T.  Q 
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But  it  is  Metchnikow  and  his  pupils  who  have  brought 
forward  the  most  striking  facts  and  arguments  in  support 
of  this  explanation. 

This  theory  may  be  briefly  stated  as  follows :  certain 
cells,  and  notably  the  polynuclear  leucocytes  (neutro- 
philes  or  pseudo-eosinophiles)  or  microphages,  and, 
further,  the  lymphatic  cells,  the  fixed  elements  of  the 
connective  tissue,  the  cells  of  the  bone  marrow,  of 
the  spleen,  tonsils,  isolated  follicles,  Peyer's  patches, 
glands,  lung,  pulmonary  alveoli,  &c.,  or  macrophages, 
are  capable  of  playing  a  double  part  in  the  defence 
of  the  organism  against  infections,  on  the  one  hand 
by  enveloping  and  dissolving  the  pathogenic  bacteria 
(phagocytosis) ,  on  the  other  hand  by  secreting  antibodies 
(alexines  and  antitoxins),  some  of  which  kill  bacteria 
and  also  check  or  stop  their  development,  while  others 
neutralise  bacterial  toxins.  When  the  organism  is 
refractory,  the  bacterial  toxins  exert  a  chemiotactic 
action  of  a  positive  nature  upon  the  phagocytes, 
which,  impelled  by  diapedesis,  destroy  the  bacteria  and 
neutralise  their  toxins.  When,  on  the  contrary,  the 
organism  is  in  a  receptive  condition  the  toxins  exert  a 
negative  chemiotaxis,  there  is  neither  diapedesis  nor 
phagocytosis,  and  the  infection  runs  its  course.  Yet  a 
first  attack  of  the  disease  or  a  vaccination  renders  the 
phagocytes  capable  of  reactmg  upon  the  toxins,  that  is  to 
say,  a  negative  is  turned  into  a  positive  chemiotaxis,  and 
the  fact  of  this  transiormation  occurring  really  constitutes 
the  acquisition  of  immunity.^ 

At  the  Congress  held  at  Budapest  in  1894  Buchner, 
endeavouring  to  connect  the  antitoxic  power  of  the  body 

^  Cf .  Metcliniko w :  ' '  Legons  sur  rinflammation  et  rimmunite 
dans  les  maladies  infectieuses  "  (Paris,  1902). 
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tissues  with  the  activity  of  phagocytes,  suggested  that 
natural  and  acquired  immunity  are  under  the  control  of 
matters  originally  diverse,  the  first  being  the  alexines, 
which  are  substances  produced  by  the  action  of  the 
leucocytes,  and  which  are  soluble,  bactericidal  and 
globulicidal ;  the  second  the  antitoxins,  modified  bacterial 
products,  non-toxic,  non-bactericidal,  not  globulicidal, 
and  which  act  far  more  by  diminishing  the  receptivity  of 
the  organism  and  by  stimulating  its  natural  powers  of 
defence  than  by  neutralising  or  destroying  the  bacterial 
toxins.  Here  also  the  bactericidal  and  antitoxic  power 
of  the  humours  is  evident,  but  it  appears  to  be  due 
either  to  the  activity  of  the  phagocytes  or  to  the  defect 
of  function  on  the  part  of  the  microbes. 

The  cellular  theory  of  immunity  is  generally  accejDted 
at  the  present  time  in  spite  of  its  many  weak  points,  but 
it  must  be  remembered  that  it  furnishes  a  far  more 
satisfactory  explanation  of  the  facts  than  do  the  different 
humoral  theories.  Yet  certain  points  remain  very  obscure, 
and  particularly  the  change  in  the  nature  of  the  chemio- 
taxis  exerted  by  the  microbic  toxins,  according  to  the 
state,  refractory  (naturally  or  by  acquisition)  or  other- 
wise, of  the  organism.  Further,  it  is  possible  that 
defensive  reactions  are  not  confined  to  the  phagocytes, 
which  seem  to  be  actively  defensive,  while  the  tissues 
exert  a  passive  defensive  action ;  at  least  this  would  seem 
to  result,  from  an  interesting  experiment  of  Eoger  on  two 
guinea-pigs,  one  of  which  was  intact,  while  the  other  was 
vaccinated  against  symptomatic  anthrax.  The  tissues  of 
the  latter  had  been  freed  from  the  humours,  which  they 
contained,  by  means  of  a  current  of  saline  solution 
sent  through  the  aorta,  the  veins  bemg  opened.  The 
resistance  of  the  muscles  of  the  vaccinated  guinea-pig 
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to  the  anthrax  infection  proves  that  the  tissues  are 
capable  of  destroying  microbes  even  in  the  absence  of 
the  humours  and  phagocytes  which  they  contain.  It 
would  seem,  therefore,  that  in  order  to  comprehend  the 
mechanism  of  immunity,  whether  natural  or  acquired, 
the  amplitude  of  the  defensive  reactions  must  be 
generalised,  and  they  must  be  regarded  as  a  means  of 
adaptation  in  connection  with  general  co-ordination. 

As  a  matter  of  fact,  in  susceptible  subjects,  the  toxins 
on  entering  the  circulation  modify  the  nutritive  medium 
of  the  anatomical  elements,  and  consequently  the  re- 
actions of  the  synthesis  of  assimilation,  for  the  first  effect 
of  a  toxin  is  to  impair  the  process  of  assimilation.  Then 
one  of  two  things  happens  :  either  the  change  induced  is 
insupportable  by  the  cell,  which  ceases  to  assimilate,  and 
dies,  or  the  change  induced  does  not  alter  its  plastic 
qualities,  and  it  therefore  remains  capable  of  elementary 
life.  In  the  latter  case  the  cell  has  clearly  undergone  a 
change  corresponding  to  that  of  the  surrounding  medium, 
the  waste  products  of  the  synthesis  of  assimilation  will 
not  be  the  same  as  formerly,  and  will  yield  substances 
which  may  be  lethal  to  bacteria,  or,  at  all  events,  inimical 
to  their  development.  Hence  it  is  said  that  cells  secrete 
antitoxins,  that  the  humours  possess  antitoxic  or  bacteri- 
cidal properties.  The  change  may  affect  all  the  anato- 
mical elements,  but  some  of  them  are  more  sensitive  to  it 
than  others  ;  these  are  the  phagocytes,  which  is  proved 
by  the  fact  that  these  cells  have  a  negative  chemiotaxis  as 
regards  bacterial  toxins,  the  organism  being  intact  and 
fresh,  while  they  have  a  positive  chemiotaxis  when  the 
organism  has  successfully  passed  through  a  first  attack 
of  infection.  But  for  such  a  result  to  be  obtained  the 
modification  induced  may  be  only  of  a  chemical  nature. 


DEFENSIVE   EEACTIOXS   OF   ORGANISM.     229 

thus  corresponding  to  the  chemical  adaptation  of 
Danile^Yski,  in  virtue  of  which  the  entrance  of  elementary 
material  belonging  to  a  toxic  group  into  the  molecular 
complex  suppresses  the  anisotony  of  the  group.  When 
our  anatomical  elements  are  victorious  over  an  infection 
it  is  an  evidence  that  this  toxin,  or  certain  of  its  mole- 
cules, has  entered  into  a  combination  with  the  living 
complex  without  modifying  its  quality  of  plastide  capable 
of  elementary  life.  Thus  our  anatomical  elements  are 
no  longer  affected  by  this  toxin — they  are  adapted  to  it, 
they  are  immune  to  it,  at  all  events  for  a  time,  until 
a  new  adaptation  replaces  that  brought  about  by  the 
toxin  in  question.  This  new  adaptation  may,  further, 
be  simply  a  more  or  less  incomplete  return  to  the  pre- 
existing condition.  In  all  cases  the  elements  of  the 
tissues  clearly  participate,  in  varying  degree,  in  this 
adaptation  by  means  of  the  general  co-ordination,  and 
it  is  in  this  way  that  the  experiment  of  Eoger  just 
referred  to  is  explained.  Thus  immunity,  whether 
innate  or  acquired,  consists  essentially  in  adaptation ; 
but  the  result  of  this  adaptation  may  be  either  an 
indifference  to  toxins  and  bacteria  (bacteria  only  being 
capable  of  existing  in  the  internal  medium  of  an 
organism  in  virtue  of  the  composition  of  this  medium),  or 
it  may  be  an  increase,  under  the  influence  of  selection, 
which  is  established  by  the  very  fact  of  adaptation,  of 
the  positive  chemiotactic  and  phagocytic  properties.  The 
latter  is  observed  much  more  frequently  in  acquired  than 
in  hereditary  immunity,  as  is  easily  understood,  and 
thus  an  indirect  support  is  accorded  to  the  views  of 
Buchner  relative  to  the  distinction  between  the  alexhies 
of  spontaneously  refractory  organisms  and  the  antitoxins 
of  organisms  which  have  been  made  artiiicially  refractory. 
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From  what  has  preceded  it  is  easy  to  understand  that 
the  essential  process  of  defence  against  the  attacks  of 
infection  is  an  adaptation.  This  adaptation  is  the  most 
constant,  efficacious,  and  the  most  durable  means  of 
protection,  and  it  is  by  this  alone  that  it  is  possible  to 
explain  either  the  condition  or  the  modes  of  immunity. 
Thus  certain  infections  are  only  undergone  once  because 
the  organ  is  then  adapted,  immunised  in  a  definite 
manner.  Other  infections  may  be  repeatedly  experi- 
enced, but  generally  each  successive  attack  is  milder 
than  the  previous  one,  the  chemical  adaptation  and  the 
phagocytic  selection  being  progressive.  The  latter 
infections,  too,  are  only  suffered  from  in  youth ;  this 
period  having  passed,  they  do  not  attack  the  organism 
which  has  become  progressively  adapted  to  them.  Thus 
when  an  infectious  disease  attacks  populations  hitherto 
free  from  the  malady,  it  makes  the  most  terrible  ravages 
and  seizes  upon  all  the  people  indiscriminately,  since 
none  are  protected  by  preceding  adaptation.  The  w^ell- 
known  epidemic  of  measles  in  the  Faroe  Islands  is 
perfectly  convincing  on  this   point. 

Such  are  the  facts  and  such  the  conceptions  on  which 
serotherapy  and  vaccination  are  based.  But  there  is 
this  difference  between  serotherapy  and  vaccination, 
that  the  first  only  aims  at  supplying,  as  a  therapeutic 
agent,  the  soluble  waste  products  of  the  synthesis  of 
assimilation  with  elementary  materials  adapted  to  certain 
toxins,  while  the  second  introduces  directly  into  the 
organism  either  bacteria  themselves,  attenuated  or  not, 
or  their  toxins,  in  order  to  procure  adaptation.  In  the 
first,  therefore,  there  is  not  in  reality  an  adaptive 
reaction  of  the  organism,  while  there  is  such  in  the 
second.     This  is  the  reason  why  vaccination   is   more 
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active,  more  efficacious  and  more  constant,  furnishing 
an  immmiity  which  has  a  much  longer  duration. 

2.  Antitoxic  and  Anti-infectious  Serums. 
A.  Antitetanic  Serum. 
Cultures  of  the  bacillus  of  tetanus  in  bouillon  of 
peptonised  beef  to  which  0*5  per  cent,  of  gelatine  has 
been  added  are  made  use  of ;  this  culture  is  placed  in  the 
incubator  and  kept  at  a  temperature  of  37°  C.  during 
two  or  three  weeks.  These  cultures  when  filtered  furnish 
the  test  toxins,  which  are  very  active,  and  can  kill  a  mouse 
in  quantity  of  ~oo  cc.  The  horse  is  the  animal  chosen 
in  order  to  obtain  immunisation  and  the  therapeutic 
serum,  because  the  healthy  serum  of  the  horse  is  almost 
harmless  to  man,  and  also  because  the  animal  is  capable 
of  supplying  large  quantities  of  blood.  In  the  first 
instance  the  horse  is  injected  with  h  c.c.  of  a  mixture 
of  equal  parts  of  toxin  and  of  Gram's  or  Lugol's 
solution ;  the  injections  are  continued  in  gradually 
increasing  quantities.  On  the  seventeenth  day  10  c.c.  of 
a  mixture  of  two-thirds  toxin  and  one-third  iodised 
solution  is  injected ;  the  proportion  of  the  iodised 
solution  is  diminished  up  to  the  thirty-fifth  day,  and 
then  10  c.c.  of  pure  toxin  are  injected.  This  quantity 
is  now  injected  every  two  or  three  days  until  the  seventy- 
second  day,  according  to  the  intensity  of  the  reaction, 
when  150  c.c.  of  pure  toxin  are  injected  at  once.  At 
the  end  of  some  days  the  immunity  is  at  its  maximum, 
and  the  serum  of  the  animal  may  be  employed  thera- 
peutically ;  but  in  order  to  support  the  production  of 
antitoxic  substances,  which  otherwise  rapidly  decreases, 
it  is  well  to  administer  from  time  to  time  a  new  injec- 
tion of  pure  toxin, 
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The  blood  of  a  horse  thus  immunised  is  drawn  from 
the  jugular  vein,  all  necessary  precautions  being 
observed,  and  is  received  in  a  glass  bowl,  in  which  it 
is  left  for  a  day  or  two;  then  the  serum  which  has 
separated  is  decanted  into  bottles  each  containing 
10  c.c,  and  these  are  placed  upon  the  market.  All 
the  bottles,  corked  and  sealed,  are  put  for  some  days 
into  an  incubator  at  a  temperature  of  87°  C,  and  those 
whose  contents  become  cloudy  are  rejected. 

Serum  thus  prepared  (and  every  variety  of  serum  is 
obtained  by  nearly  the  same  process)  will  keep  perfectly 
well  for  a  whole  year  if  it  is  properly  corked  and  not 
exposed  to  the  light.  In  Germany  a  small  quantity  (0*5 
per  cent.)  of  formol,  or  of  carbolic  acid,  is  added  ;  at  the 
Pasteur  Institute  tyndallisation  at  a  temperature  of 
56°  C.  is  considered  sufficient,  as  it  suffices  to  cause 
perfect  sterilisation,  and  enables  the  serum  to  be  made 
use  of  without  any  risk  of  accidents  arising  from  the 
presence  of  antiseptics.  At  the  Pasteur  Institute  serum 
in  powder  is  also  prepared ;  this  is  obtained  by  the 
desiccation  of  liquid  serum  in  vacuo.  The  powder  is 
almost  as  active  as  fresh  serum  ;  in  order  to  use  it  it 
is  dissolved  in  eight  to  ten  times  its  weight  of  filtered 
and  sterilised  water. 

The  activity  of  serum  may  be  estimated  both  as 
regards  its  immunising  and  its  antitoxic  power.  Accord- 
ing to  Eoux,  a  serum  is  active  to  the  millionth  degree 
when  1  c.c.  of  the  serum  immunises  1,000  kilogrm.  of 
mouse  weight,  that  is  to  say,  it  is  sufficient  to  inject  on 
a  mouse  a  quantity  of  serum  equal  to  toooooo  ^^  i^^ 
weight  in  order  to  protect  it  against  a  mortal  dose  of 
toxin.  Behring,  who  introduced  this  method  of  estima- 
tion, has  abandoned  it  for  another  which  calculates  the 
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antitoxic  power,  and  which  consists  in  fixing,  in  vitro, 
the  quantity  of  serum  necessary  to  render  inoffensive  a 
given  vokime  of  a  toxin  whose  activity  is  known. 

The  discovery  of  an  antitetanic  serum  is  due  to  the 
researches  of  Behring  and  Kitasato  (1890) ;  as  a  preven- 
tive it  is  very  active,  but  its  curative  power  is  far  less 
rehable.  This  appears  to  arise,  according  to  the  researches 
of  Metchnikow,  Marie,  Eoux,  and  Borrel,  from  the  fact 
that  the  tetanic  toxin  attaches  itself  very  closely  to  the 
nervous  system,  and  that  the  antitoxin  is  powerless  to 
neutralise  the  toxin  when  thus  fixed.  Eoux  and  Borrel 
have,  indeed,  recommended  the  intracerebral  injection  of 
serum,  but  this  method,  which  has  given  some  results  in 
the  guinea-pig,  is  so  inconstant  in  man  that  it  cannot  be 
considered  satisfactory.  To  sum  up,  when  the  symptoms 
of  tetanus  are  fully  developed  antitetanic  serum  is 
almost  useless  ;  hence  it  should  be  employed  when  the 
malady  is  suspected.  When  the  treatment  is  inaugurated 
before  the  medulla  oblongata  is  involved  recovery  is 
probable. 

As  a  preventive,  and  in  the  event  of  slight  injury,  an 
injection  of  10  c.c.  generally  suffices ;  if  the  wound  is 
extensive,  contaminated,  and  difficult  to  clean,  a  second 
injection  should  be  employed  about  eight  days  after 
the  first.  Lastly,  when  the  symptoms  of  tetanus  rapidly 
develop  50  to  100  c.c.  of  serum,  given  in  one  or  two 
injections,  are  necessary  ;  but  these  injections,  it  must 
be  clearly  understood,  by  no  means  dispense  with  the 
necessity  of  a  strict  employment  of  the  usual  methods  of 
treating  a  wound.  It  must  be  added  that  the  period  of 
immunity  conferred  by  the  serum  varies  from  fifteen 
days  to  one  month  at  the  outside. 

Occasionally    some    secjuelgD    of    the    treatmejit    are 
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observed :  erj^thema,  arthralgia,  myalgia,  sometimes 
albuminuria.  But  these  complications  have  no  real 
gravity,  and  disappear  after  some  days.  They  seem  to 
be  due,  not  to  the  antitoxin,  but  to  the  horse  serum. 


B.  Antidijjhtheritic  Serum. 

This  is  prepared  nearly  in  the  same  way  as  antitetanic 
serum,  with  Loeffler's  bacilli  in  Martin's  medium  ;  at 
the  end  of  thirty-six  hours  the  surface  is  covered  with  a 
film.  The  toxin  employed,  which  should  in  doses  of 
yV  c.c.  kill  500  grm.  of  guinea-pig  in  forty-eight 
hours,  is  injected  into  horses  in  the  following  manner  in 
order  to  obtain  immunisation  :  the  first  day  J  c.c.  of 
toxin  mixed  with  ^^  Lugol's  solution  ;  second  day  J  c.c. 
of  the  same  mixture,  and  this  injection  is  repeated  every 
day  up  to  the  eighth;  then  the  quantity  of  iodised 
solution  is  diminished  up  to  the  seventeenth  day,  on  which 
J  c.c.  of  pure  toxin  is  given.  By  this  treatment  oedema 
is  produced,  but  no  fever.  From  the  twenty-second  day 
increasing  doses  of  pure  toxin  are  given  every  second 
or  third  day,  in  such  a  way  that  on  the  fiftieth  day 
30  c.c.  are  employed,  60  c.c.  the  fifty-fifth  day  (up  to 
the  sixty- seventh  day),  90  c.c.  the  seventy- second  day, 
and,  lastly,  250  c.c.  the  eightieth  day.  Before  being  bled 
the  animal  is  allowed  a  respite  of  twenty  days.  As  is 
obvious  from  the  mode  of  procedure,  the  process  of  im- 
munisation is  slow,  requiring  four  months.  Landouzy^ 
has  proposed  another  and  more  rapid  method  adopted  by 
Parodlorsky  and  Maksutoff,  by  which  a  horse  can  be 
immunised  in  forty  days.     By  this  method  the  antitoxic 

1  Cf,  "  Le§  serotherapies  "  (Paris,  1898), 
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serum  is  first  injected  into  the  horse,  and  afterwards 
the  diphtheritic  toxin  in  increasing  doses  up  to  1,200  c.c. 
It  appears  that  the  serum  obtained  by  this  method  is  not 
inferior  to  that  which  is  made  by  the  slower  process. 

The  activity  of  antidiphtheritic  serum  is  measured  in 
almost  the  same  way  as  that  of  antitetanic  serum,  but 
the  values  are  somewhat  different.  If  jj^  c.c.  of  serum 
protects  a  guinea-pig  of  500  grm.  weight,  the  serum  is 
active  up  to  s^Joo  '  i^^  other  words,  a  quantity  of  serum 
equal  to  50000  body  weight  of  guinea-pig  is  sufficient  to 
protect  it  against  infection.  This  method,  employed  by 
Koux,  thus  estimates  the  preventive  power  of  the  serum. 
The  serum  of  the  Pasteur  Institute  possesses  a  power 
above  xorfooo-  ^^^  Germany,  Behring  and  Ehrlich  employ 
the  method  of  mixture  which,  on  the  contrary,  estimates 
the  antitoxic  power.  The  serum,  of  which  0  c.c.  "1  exactly 
neutralises  1  c.c.  of  the  toxin,  that  is  to  say,  one  hundred 
times  the  dose  which  is  fatal  to  the  guinea-pig,  contains 
in  each  -^q  c.c.  an  antitoxic  unit,  or  an  unit  of  Ehrlich. 
But  if  a  serum  neutralises  1  c.c.  of  the  standard  toxin, 
in  the  dose  of  xo"oo  of  1  c.c.  (0  c.c.  '001),  it  contains  100 
antitoxic  units.  It  is  allowed  that  the  xouooo  serum  of 
the  Pasteur  Institute  is  equivalent  to  about  250  Erhlich 
units. 

Antidiphtheritic  serum  is  endowed  with  well-marked 
antitoxic  powers.  It  gives  very  remarkable  results, 
results  which  have  been  confirmed  by  a  large  number  of 
observers,  since  the  general  mortality  of  diphtheria,  which 
was  formerly  about  60  per  cent.,  has  fallen  to  15  per 
cent.,  and  even  to  5  per  cent.,  if  those  cases  are  omitted 
in  which  the  treatment  was  commenced  too  late.  As  a 
matter  of  fact,  the  serum  is  almost  powerless  when  the 
bacterial  toxin  is  diffused  through  the  body,  when  there 
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is  paralj^sis,  irregularity  of  pulse  and  respiration.     This 
is  indicated  by  Bouchard's  statistics  : 


Children  treated 

on 

the 

1st  day  of  illness,  mortality, 

0 

per  100. 

2nd      „ 

3 

3rd       „ 

13 

4th 

23 

5th       ,, 

40 

6th       „           „ 

51 

These  figures  prove  that  the  early  administration  of 
serum  when  the  clinical  signs  are  affirmative,  or  even 
doubtful,  is  absolutely  necessary.  If  the  serum  is  given, 
a  marked  improvement  in  the  general  condition  quickly 
ensues,  and  the  false  membranes  are  more  or  less  rapidly 
detached.  But  when  the  streptococcus  or  staphylococcus 
is  associated  w^ith  Loeffier's  bacillus,  the  effect  is  less 
constant. 

Lastly,  this  serum  is  also  preventive,  as  Landouzy 
has  proved,  for  of  12,426  persons  who  underwent 
preventive  injection  only  53  contracted  diphtheria,  or 
1  in  235.  The  immunity  conferred  lasts  about  three 
w^eeks. 

In  mild  diphtheria  5  to  10  c.c.  of  serum  suffice  at  the 
commencement ;  w^hen  the  illness  is  several  days  old,  or 
when  it  presents  severe  features,  then  10  to  20  c.c.  must 
be  injected,  whatever  the  patient's  age.  But,  in  very 
severe  cases,  and  especially  when  the  disease  involves 
the  larynx  and  bronchi,  up  to  30  to  50  c.c.  may  be 
used.  And  it  is  better  to  give  a  large  dose  at  an  early 
stage  than  to  employ  repeated  smaller  quantities  of 
serum. 

The  injections  of  antidiphtheritic  serum  have  certain 
drawbacks,  the  importance  of  which,  however,  seems  to 
have  been  exaggerated.     Some  days  after  the  injection 
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an  urticarial  eruption,  with  slight  elevation  of  tempera- 
ture, is  often  noticed  ;  both  symptoms  are  of  short  dura- 
tion. More  rarely  polymorphic  erythema  and  fever  have 
occurred ;  and,  quite  exceptionally,  painful  swelling  of 
joints  complicates  the  eruption,  more  especially  in 
grow^n-up  people,  and  W'hen  the  streptococcus  is  present 
in  addition  to  Loeffler's  bacillus.  Under  these  circum- 
stances the  fever  may  last  some  days,  but  these  affections 
are  not  in  any  way  serious. 

C.  Antivenoinous  Serum. 

The  venins  are  probably  analogous  to  bacterial  toxins ; 
they  are  not  altered  by  Lugol's  solution  or  by  the  iodine 
trichloride,  but  they  are  very  sensitive  to  chloride  of 
gold  or  to  the  hypochlorites,  and  this  property  has  been 
made  use  of,  as  will  be  seen,  in  the  preparation  of  serum. 
Their  toxicity  is  considerably  diminished  by  ptyalin, 
pancreatin,  papain,  less  markedly  by  pepsin,  rennet  and 
amylase  ;  this  is  why  snake  poison,  when  taken  by  the 
mouth,  is  usually  harmless,  the  toxins  being  rendered 
inert  by  the  digestive  ferments. 

Calmette  maintains  that  the  venins  have  a  hsemor- 
rhagic  property  which  is  distinct  from  their  toxic  pro- 
perty ;  the  first  marked  attribute  is  destroyed  by  heating 
to  a  temperature  of  70°  C.  Phisalix  and  Bertrand  think 
that  the  venom  of  the  viper  contains  two  substances,  one 
phlogogenous,  w^hich  disappears  at  80°  C,  the  other  toxic, 
^^hich  attacks  the  nervous  system  and  causes  consider- 
able depression  of  temperature.  But,  contrary  to  what 
these  authors  have  maintained,  the  action  of  heat  does  not 
transform  the  venin  into  vaccine ;  it  merely  diminishes  its 
toxic  properties.     It  must  be  mentioned,  finally,  that,  as 
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Calmette  has  observed,  the  venin,  when  it  is  deprived  by 
heat  of  its  albumin,  is  neither  retained  nor  modified  on 
its  passage  through  the  ''bougie"  of  a  Chamberland 
filter.  1 

Antivenomous  serum  was  simultaneously  discovered  by 
Phisalix  and  Bertrand  (February  2nd,  1894)  and  Calmette 
(March  27th,  1894).  For  its  preparation  three  principal 
methods  are  employed,  all  of  which  make  use  of  the  horse 
by  preference.  The  first,  adopted  by  Phisalix  and  Ber- 
trand, consists  in  injecting  venin  which  has  been  modified 
by  heat ;  it  is  a  very  rapid  method,  for  only  forty-eight 
hours  are  required,  but  is  insufficient.  The  second  con- 
sists in  inducing  immunity  by  introducing  small  and 
repeated  doses  of  venin  ;  the  procedure  is  long  and  the 
manipulations  delicate.  Finally,  the  third  method,  so 
far  the  most  usually  adopted,  consists  in  inoculating  a 
mixture  of  venin  and  of  hypochlorite  of  soda  or  lime 
conformably  to  the  procedure  employed  by  Ptoux  and 
Vaillard,  who  mix  the  toxins  both  of  tetanus  or  of 
diiDhtheria  with  Lugol's  solution. 

Calmette  at  Lille  makes  use  of  the  dried  venin  in 
quantities  of  1  grm.  dissolved  in  100  c.c.  of  distilled 
water,  which  has  been  heated  for  half  an  hour  at  a 
temperature  of  78^  C.  in  order  to  get  rid  of  the  phlogo- 
genes,  and  is  mixed  with  decreasing  quantities  of 
hypochlorite  of  lime  of  g^h  strength.  An  injection  is 
made  on  the  animal  every  four  or  five  days.  At  the  end 
of  two  months  a  dose  is  tolerated  which  is  capable  of 
killing  100  kilogrm.  of  rabbit,  no  reaction  ensuing.  At 
the  end  of  six  months  the  serum  is  sufficiently  active 
to  be  employed  therapeutically. 

Calmette  measures  the  value  of  his  serum  by  anti- 
^  Cf.  Grimbert:  "  Les  serums  therapeutiques  "  (Paris,  1899). 
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venomous  units.  The  serum,  of  which  1  c.c.  protects 
1,000  grm.  of  rabbit  against  the  fatal  dose  of  veniu, 
contains  1,000  antivenomons  units.  As  regards  the 
toxic  unit,  it  is  represented  by  t\YO-tenths  of  1  c.c.  of  a 
1  per  cent,  solution  of  dried  venin,  which  kills  by  intra- 
venous injection  a  rabbit  of  2  kilogrm.  in  twenty  minutes. 
The  serum  prepared  by  the  Pasteur  Institute  at  Lille  has 
an  antitoxic  value  of  40,000  antivenomous  units  per  ten 
cubic  centimetres. 

The  immunity  conferred  by  repeated  inoculations  of 
non-mortal  doses  of  venin  is  of  long  duration:  it  may 
extend  to  eight  months  after  the  last  inoculation.  When 
the  serum  is  made  use  of  the  immunity  is  fleeting,  not 
exceeding  two  to  four  days,  but  is  very  powerful ;  even 
when  injections  are  repeated  daily,  the  refractory  con- 
dition does  not  last  after  20  or  30  days.  The  anti- 
venin  serum  is  efficient  against  the  poison  of  all  snakes 
and  scorpions.  Ten  c.c,  representing  at  least  20,000 
antivenomous  units,  are  sufficient  in  the  majority  of 
cases.  But  when  the  snake  is  a  very  dangerous  one  and 
treatment  is  commenced  late,  it  is  necessary  to  inject 
simultaneously  two  or  three  doses  of  10  c.c.  each.  In 
spite  of  these  injections  it  is  necessary  to  apply  a  ligature 
or  compression  of  the  limb  so  as  to  hinder  venous  return, 
to  wash  the  bites  carefully  in  chromic  acid  in  1  per  cent, 
solution,  or  with  chloride  of  gold  in  1  per  cent,  solution, 
or,  lastly,  above  all,  with  hypochlorite  of  lime  in  1  to  60 
solution.  The  solution  should  be  recently  made.  At  the 
same  time  the  patient  should  be  roused  by  means  of 
moderate  friction,  but  it  is  useless  to  attempt  to  restore 
animation  by  alcohol  or  coffee.  The  serum  is  absolutely 
harmless  ;  no  complication  occurs,  and  under  its  influence 
the  condition  of  the  patient  improves  in  some  hours. 


240    NEW  METHODS  OF  TREATMENT. 

D.  Antistreptococcic  Serum. 

This  serum  has  been  studied  since  1891  by  Roger ;  in 
1895  this  author  and  Charrin  pubHshed  a  new  work  on 
this  subject  ahiiost  contemporaneously  with  the  memoir 
of  Marmorek  upon  the  serum  which  bears  his  name. 

Roger  and  Charrin  contented  themselves  with  filtering 
and  heating  the  cultivation  of  streptococci  to  110°  C. 
Marmorek  commences  by  increasing  the  virulence  of  the 
streptococcus.  In  order  to  do  this  he  cultivates  it  in 
human  serum,  or  in  ascitic  fluid  to  which  two  parts  of 
peptonised  bouillon  have  been  added  :  and  he  increases 
its  virulence  by  passing  it  from  rabbit  to  rabbit ;  after 
two  months  the  virulence  becomes  so  great  that  ''  a 
single  microbe,  so  to  speak,  introduced  beneath  the 
skin  of  the  rabbit  suffices  to  kill  it.  An  infinitesimally 
small  quantity  (c.c.  O'OOOOOOOOl)  inevitably  causes  death  " 
(Marmorek).  It  is  essential,  on  account  of  the  difference 
presented  by  the  several  varieties  of  streptococcus,  as  is 
pointed  out  by  Courmont,  Van  de  Yelde,  Lignieres,  that 
a  large  number  be  cultivated  together,  so  that  a  j^oly- 
valeiit  serum  may  be  obtained,  which  is  applicable  to  the 
majority  of  cases. 

Marmorek,  instead  of  immunising  animals,  as  Roger 
and  Charrin,  with  warmed  cultures,  employs  small  doses 
of  natural  cultures  of  a  very  active  streptococcus.  The 
horse,  ordinarily  made  use  of,  shows  a  very  energetic 
reaction,  and  a  new  injection  is  given  only  when  the 
health  of  the  animal  is  completely  restored ;  and  more 
than  a  year  must  elapse  before  a  really  satisfactory 
serum  can  be  obtained. 

The  serum  is  particularly  efficacious  in  infections 
caused  by   the   pure   streptococcus;    its  action  is   less 
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energetic  and  less  constant  when  the  streptococcus  is 
associated  with  other  pathogenic  bacteria.  And  in  order 
to  obtain  satisfactory  results  in  diphtheria,  croup  and 
scarlatinal  angina,  in  which  diseases  the  streptococcus 
is  associated  with  the  bacillus  of  Loeffler,  it  is  necessary 
that  a  simultaneous  injection  of  Marmorek's  serum  and 
that  of  Behring-Roux  be  made.  In  erysipelas  the  serum 
of  Marmorek  gives,  according  to  Chantemesse,  very 
gratifying  results  (the  mortality  falls  from  3*8  to  1*5  per 
cent.)  when  its  activity  is  from  xo Joo  ^o  30A00'  calculated 
according  to  the  method  of  Eoux.  In  scarlatina,  which 
is  often  complicated  by  streptococcic  infection,  Josias  and 
Berginsky  have  observed  that  the  use  of  this  serum, 
without  influencing  in  any  marked  degree  the  progress 
of  the  disease,  yet  acts  very  satisfactorily  upon  its  com- 
plications, not  only  upon  the  sore  throat,  but  also  upon 
the  adenopathies,  &c. 

In  puerperal  fever  the  results  are  less  constant ;  yet 
Pinard  finds  the  injection  of  the  serum  a  valuable  pre- 
ventive when  infection  threatens.  According  to  Landouzy 
and  Claisse,  this  serum  is  also  very  efficacious  in  broncho- 
pneumonia of  streptococcic  origin;  the  temperature  rapidly 
falls  and  cure  follows.  Lastly,  in  variola  and  in  epidemic 
cerebro-spinal  meningitis  Lindsay,  Wallach  and  Einsler 
have  obtained  unexpected  cures  by  the  injection  of 
Marmorek's  serum. 

However,  speaking  generally,  it  may  be  said  that  the 
therapeutic  properties  of  this  serum  are  less  pronounced 
than  its  preventive  power.  And  it  is  necessary  that  it  be 
used  as  soon  as  the  suspicion  of  streptococcic  infection 
arises.  The  quantity  given  is  20  c.c.  at  all  ages,  even  in 
the  youngest  patient ;  should  danger  be  imminent  50  c.c. 
should  be  injected  at  one  operation,  and  this  should  be 

M.T.  R 
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repeated  every  twelve  or  t\Yenty-four  hours  until  the 
symptoms  have  enth'ely  disappeared.  After  the  injec- 
tion a  fugitive  erythema  may  appear,  but  it  is  not 
accompanied  by  any  serious  symptoms. 

The  Pasteur  Institute  supplies  serum  desiccated  i?i  vacuo 
in  sealed  tubes,  the  contents  of  each  of  which  correspond 
to  10  c.c.  of  liquid  serum. 

E.  Antiplague  Serum. 

Yersin,  in  order  to  prepare  this  serum,  injected  a 
culture  of  a  virulent  bacillus  upon  gelose.  To  increase 
the  virulence  of  the  micro-organism,  Roux  cultivates  the 
bacilli  in  capsules  of  collodion  shut  up  in  the  peritoneal 
cavity  of  rabbits ;  afterwards  he  sows  Kitasato's  bacillus 
in  a  culture  containing  ^  per  cent,  gelatine.  The 
culture  thus  obtained  is  injected  into  horses,  an  intense 
febrile  reaction  ensuing ;  w^hen  the  animal's  health  is 
restored,  i.e.,  after  twenty  days,  the  procedure  is  repeated, 
and  so  on.  The  horse  serum  only  commences  to  possess 
preventive  properties  after  six  weeks,  but  a  whole  year 
must  elapse  before  a  serum  can  be  procured  which  is 
both  preventive  and  curative.  The  serum  which  Yersin 
made  use  of  in  Amoy  (China)  during  the  epidemic  of 
1896,  and  the  preparation  of  which  occupied  a  year, 
yielded  twenty-one  cures  in  twenty-three  cases  of  the 
disease,  while  that  which  he  employed  in  Bombay  the 
following  year,  and  which  had  been  supplied  by  animals 
in  process  of  immunisation,  was  really  preventive,  but 
did  not  reduce  mortality  more  than  48  per  cent.,  instead 
of  70  per  cent.^ 

1  J.  Laumonier :  "  La  Peste  "  (Paris,  1897) ;  and ' '  Mesures  propliy- 
lactiques  centre  la  peste  dans  I'lnde  "  {BuIL  de  therap.,  September 
aoth,  1901). 
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As  shown  by  statistics,  tlie  serum  is  particularly 
efficacious  in  the  early  stages  of  infection;  hence  it  must 
be  injected  when  the  first  symptoms  appear,  and  from 
the  first  large  doses  must  be  employed  (20  to  30  c.c). 
As  a  preventive  10  c.c.  suffice,  but  as  the  immunity 
obtained  is  not  of  long  duration  it  is  advisable  to  renew 
the  injection  every  ten  days.  As  a  curative  agent,  20  to 
30  c.c.  must  be  injected  and  renewed  several  times  if 
necessary  until  the  fever,  as  well  as  the  local  and  general 
symptoms,  have  disappeared.  When  the  infection  is 
taken  in  time,  before  the  heart  fails  and  the  respiration 
and  pulse  become  irregular,  the  fever  generally  yields  in 
some  hours  and  the  swelling  of  glands  (buboes)  rapidly 
diminishes.     The  serum  is  by  itself  innocuous. 

F.  Antlclioleraic  Serum. 

Cholera  may  be  regarded  as  an  acute  poisoning  due  to 
the  absorption  of  a  toxic  substance  elaborated  in  the 
intestine  by  the  comma  bacillus.  Therefore  it  is  the 
toxin  upon  which  it  is  necessary  to  act,  and  it  is  the 
toxin  w^hich  must  be  procured  in  order  to  obtain  a 
therapeutic  serum. 

For  this  purpose  Metchnikow,  Eoux  and  Salimbini 
impregnate  small  capsules  of  collodion  containing  2  per 
cent,  peptone  with  virulent  vibriones  and  place  them  in 
the  peritoneal  cavity  of  a  guinea-pig.  When  the  animal 
is  dead,  the  contents  of  one  of  these  capsules  are  sown 
upon  a  2  per  cent,  solution  of  peptone  to  which  2  per  cent, 
gelatine  and  1  per  cent,  chloride  of  sodium  have  been 
added.  After  three  or  four  days  the  virulence  of  the 
cholera  toxin  is  at  its  maximum,  and  it  is  then  used  for  the 
immunisation  of  the  horse.     The  first  injection  of  10  c.c. 

k2 
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of  toxin  causes  a  rise  of  temperature  to  40°  C.  and  a 
considerable  swelling  at  the  seat  of  the  inoculation. 
When  these  symptoms  have  disappeared,  at  the  end  of 
fifteen  or  twenty  days,  a  fresh  dose  is  injected  which  is 
stronger  in  toxin  content,  and  so  on.  An  intense  reaction 
invariably  occurs,  but  its  duration  becomes  shorter  and 
shorter.  After  six  months  it  is  possible  to  inject  200  c.c. 
at  one  sitting.  The  serum  thus  obtained  is  preventive 
and  antitoxic  ;  in  the  dose  of  yJq  c.c.  it  protects  a  guinea- 
pig  against  the  lethal  dose  of  living  cholera  culture. 

There  is  yet  another  method,  by  the  aid  of  the  injec- 
tion of  living  or  dead  bacilli ;  this  is  a  real  vaccination. 
This  procedure  was  suggested  by  Ferran,  of  Barcelona, 
in  1885.  In  India  from  1892  to  1895  Haffkine  has 
employed  cultures  whose  virulence  has  been  increased 
by  successive  passage  from  guinea-pig  to  guinea-pig,  and 
then  diminished  by  exposure  to  the  air  at  39°  C.  In  the 
first  instance  attenuated  vaccine  was  inoculated,  then 
after  five  days  the  stronger  variety.  Immunity  was 
acquired  after  eight  days,  and  the  results  thus  obtained 
were  very  favourable.  Yet  it  must  not  be  forgotten  that 
an  animal  immunised  against  the  microbe  is  not  neces- 
sarily so  against  its  toxin,  and  hence  it  yields  a  serum 
which,  though  preventive,  is  not  antitoxic. 

G.  Antityjplioid  Serum. 

Chantemesse  and  Widal  have  made  use  of  cultures 
deprived  of  the  bacillus  of  E  berth  by  heating  to  128°  C. 
in  order  to  prepare  an  antityphoid  serum  (1888).  In 
1892  the  same  authors,  and  also  Sanarelli,  endeavoured 
to  render  animals  permanently  immune  by  injecting 
into  them  cultures  of  increasing  virulence  which  had 
been  sterilised  at  100°  C.     Lastly,  in  1897  Chantemesse 
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recommended  a  new  method  which  yields  a  serum 
capable  of  being  used  therapeutically. 

Chantemesse  employs  typhoid  bacilli  whose  virulence 
has  been  increased  by  a  long  sequence  of  transmission 
(nearly  two  years)  from  animal  to  animal,  and  which 
have  been  cultured  in  cold  maceration  of  spleen  and  of 
bone  marrow,  to  which  a  small  quantity  of  defibrinated 
human  blood  has  been  added.  After  live  or  six  days  the 
filtered  culture  obtains  its  maximum  virulence.  The  very 
active  toxin  contained  in  it  is  liable  to  change  when 
exposed  to  air  and  light,  but  is  not  affected  by  heating 
to  58°  C,  even  for  an  hour. 

The  toxin  acts  as  an  immunising  agent  on  the  horse ; 
the  immunisation  is  very  slow,  requiring  about  eight 
months,  on  account  of  the  intense  reaction  which  follows 
each  inoculation. 

The  serum  thus  obtained  has  been  made  use  of  for 
the  treatment  of  typhoid  fever  in  the  human  being.  It 
appears  to  exert  a  favourable  influence  on  the  tempera- 
ture curve  and  the  general  condition,  but  observations 
are  not  yet  sufficiently  numerous  to  enable  a  definite 
conclusion  to  be  drawn. 


H.   Various  Sei'iims. 

In  addition  to  the  serums  which  have  now  been  con- 
sidered, many  others  have  been  suggested,  and  more 
especially  the  antipneumococcic  serum  of  Issaeef  (1893), 
the  antitubercular  serum  of  Maragliano  (1895),  the  hydro- 
phobia serum  of  Babes  and  Talasescu  (1894),  the  leprosy 
serum  of  Carrasquilla  and  Laverde  (1895),  the  anti- 
staphylococcic  serum  of  Yiquerat  (1895),  the  antisyphilitic 
serum  of  Kichet,  Hericourt  and  Tommasoli  (1895),  the 
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anticancerous  serum  of  Ch.  Eichet  (1895),  the  serum 
for  relapsing  fever  of  Gabritschewsky  (1896),  the  anti- 
typhus  serum  of  Eaynaud  (1896),  the  antirheumatic 
serum  of  "Weiss  (1896),  the  serum  against  scarlatina  and 
whooping  cough  of  Kelatides  (1896),  the  serum  against 
the  coli-bacillus  of  Salvati  and  Gaetano  (1896),  the  yellow 
fever  serum  of  Sanarelli  (1897 — 98),  the  serum  against 
pseudo-tuberculosis  of  Ledoux-Liebard  (1897),  &c.  But 
not  one  of  these  preparations  has  yet  been  proved  to  be 
of  real  service ;  thus  it  is  only  necessary  to  mention  them. 
However,  it  may  be  noted  that  the  serum  of  Maragliano, 
if  it  is  antagonistic  to  tuberculin,  does  not  seem  to  have 
any  influence  on  the  infection,  whose  development  it  does 
not  arrest,  nor  on  all  the  toxins  of  the  tubercle  bacillus. 
Further,  antipneumococcic  serum  has,  according  to 
Landouzy,  given  satisfactory^  results  when  emploj^ed  by 
G.  and  Y.  Klemperer,  Goa,  Janson  and  De  Eenzi.^ 

3.  Vaccinations. 

The  method  of  vaccination  has  been  proposed  in 
a  certain  number  of  diseases  :  in  cholera,  as  already 
described,  by  the  measures  of  Ferran,  of  Gamaleia,  of 
Brieger,  of  Wattermann  and  of  Haffkine  ;  in  whooping 
cough  by  Celli's  process  (vaccinal  lymph,  on  account  of 
the  influence  which  the  vaccine  aj)pears  to  exert  on 
pertussis) ;  and,  lastly,  in  variola.  But  in  the  latter 
instance,  for  variolisation,  or  the  inoculation  of  the 
virus  of  small-pox,  has  been  substituted  variola  vaccine, 

1  Cf.  Grimbert :  "  Les  serums  tliera23eutiqiies "  (Paris,  1898). 
For  the  bibliography  of  serums  the  complete  and  excellent  work 
of  Professor  Landouzy  maj^  also  be  consulted :  "  Les  serotherapies  " 
(Paris,  1898). 
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which  consists  in  passing  the  variola  virus  through  an 
animal  (preferably  the  calf),  and  then  in  inoculating  the 
product  of  the  inoculation  on  man.  But  the  question 
to  be  determined  is,  if  there  is  identity  between  variola 
and  vaccinia,  and,  on  the  other  hand,  if  the  variola 
virus  is  capable  of  causing  an  eruption  of  vaccinia  in  an 
animal.  In  spite  of  the  experiments  of  Haccius,  Eternod, 
Hime,  and  others,  this  question  is  very  far  from  being 
decided,  and  the  results  do  not  seem  to  be  superior  to 
those  obtained  from  Jennerian  vaccination.  We  shall 
only  discuss  here  the  subject  of  anti-hydrophobia 
vaccination. 

Antirabic  Vaccination. 

This  method  was  devised  by  Pasteur,  who  maintains 
that  the  hydrophobia  virus  is  localised  in  the  spinal 
cord,  and  that  the  latter,  in  an  animal  suffering  from 
rabies,  contains  at  the  same  time  both  the  virus  of  the 
disease  and  its  vaccine.  In  order  to  attenuate  the  virus, 
the  spinal  cords  of  rabbits  inoculated  with  the  very  active 
virus  of  rabies  are  desiccated :  this  drying  process,  when 
complete  (thirteenth  to  fourteenth  day),  destroys  the 
virus,  retaining  intact  all  the  properties  of  the  vaccine ; 
hence  the  virus  is  more  and  more  attenuated  as  the 
expiration  of  this  period  is  approached. 

At  the  Pasteur  Institute  the  following  method  is 
adopted :  The  desiccated  spinal  cord  is  pounded  with 
salted  and  glycerinated  sterilised  water,  the  whole  is 
filtered  and  then  injected  under  the  skin  in  the  quantity 
of  1  c.c.  For  the  first  injection  the  spinal  cord  of  an 
inoculated  rabbit  dried  to  the  fourteenth  day  is  made  use 
of,  and  this  is  therefore  deemed  to  contain  vaccine  only. 
For  the  second  injection,  made  two  days  later,  a  spinal 
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cord  of  the  thirteenth  day  is  employed,  and  so  on. 
Towards  the  end  of  treatment,  which  lasts  on  an  average 
twenty  days,  spinal  cords  which  are  continuously  more 
recent  are  made  use  of  for  injection  every  day  until  the 
one  is  arrived  at  which  is  that  of  the  day.  These  injec- 
tions cause  a  little  diffuse  oedema,  but  when  antiseptic 
precautions  are  taken  no  untoward  results  ensue. 

The  statistics  published  by  the  Pasteur  Institute  are 
fairly  satisfactory,  for  it  is  necessary  to  make  allowance 
for  those  cases  in  which  hydrophobia  is  uncertain, 
particularly  when  the  treatment  is  carried  out  immedi- 
ately after  the  bite  of  the  rabid  dog.  But  when  bites 
of  other  rabid  animals  (wolves,  cats)  are  submitted  to 
treatment  the  results  are  far  from  being  so  encouraging, 
and  this  lends  force  to  the  assumption  that,  in  these 
animals,  hydrophobia  is  more  virulent,  and  thus  resists 
the  action  of  the  vaccine  which  is  efficacious  in  cases 
of   canine  hydrophobia. 
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IX. 

NERYE    ALTERANTS. 
1.    The  Neuron  and  the  Nervous  Reactions. 

The  nervous  system,  the  instrument  by  which  several 
portions  of  the  organism  are  brought  into  mutual  relation 
and  into  that  with  the  external  world,  is  composed  of 
special  elements  called  neurons,  a  variety  of  cells  which 
present,  in  addition  to  the  nucleated  cell  body,  ramified 
prolongations  or  arborisations  of  protoplasm,  and  one  single 
prolongation,  the  axis  cylinder,  whose  dimensions  are 
sometimes  considerable  (1  metre  or  more) .  The  neurons 
are  connected  both  with  non-nervous  anatomical  elements 
and  also  with  other  neurons.  In  the  first  case  the  con- 
nection is  established  either  by  the  protoplasmic  arborisa- 
tions— these  are  iliQ peripheral  sensory  neurons — or  by  the 
termination  of  the  axis  cylinder — these  are  the  loeri- 
jjJieral  motor  neurons.  In  the  second  case,  the  connection 
is  always  heteronymous,  i.e.,  it  is  effected  between  pro- 
longations whose  characters  differ  (axis  cylinder  with 
protoplasmic  arborisations),  and  never  between  those  of 
the  same  nature  (axis  cylinder  with  axis  cylinder,  or 
arborisations  with  arborisations) ;  and  the  neurons  which 
are  only  connected  in  this  manner  with  other  neurons  are 
called  central  neurons.  Under  the  name  of  associating 
neurons  are  classed  those  neurons  which  connect  the 
different  levels,  or   the   several  layers,  or  the  different 
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grey  nuclei  of  the  spinal  cord,  the  medulla  oblongata, 
the  cerebellum  and  the  cerebrum. 

The  neurons  are  no  more  endo^Yed  with  spontaneous 
activity  than  are  the  other  elements  forming  the  bodily 
structures.  In  order  that  their  activity  may  be  roused, 
it  is  requisite  that  an  excitation  be  applied  to  them,  or, 
to  speak  more  clearly,  that  they  undergo  a  chemical 
change  which  is  the  result  of  external  actions.^  This 
change,  which  passes  from  neuron  to  neuron  always  in 
the  same  direction  (that  is  to  say,  from  the  protoplasmic 
arborisations  to  the  terminations  of  the  axis  cylinders 
in  the  same  neuron,  and  inversely  from  one  neuron  to 
another),  constitutes  the  nervous  influx,  is  of  a  disorganis- 
ing nature  and  analogous  to  that  which  passes,  according 
to  Grothus,  in  the  electrolysis  of  water,  where  the  con- 
stituents of  a  molecule  of  water  are  liberated  at  two 
points  far  removed  from  each  other,  without  each  atom 
being  compelled  to  proceed  a  greater  distance  than  that 
which  separates  two  neighbouring  molecules.-  The  re- 
actions which  follow  the  passage  of  the  influx  depend, 
therefore,  directly  upon  the  intensity  of  the  excitation, 
or,  in  other  words,  on  the  importance  of  the  molecular 
destruction  set  up  by  the  excitant.  When  the  excitation 
is  feeble,  the  change  does  not  reach  the  nerve  centres, 
and  there  is  no  sensation  ;  when  it  is  sufficiently  strong, 
the  centres  are  affected,  and  sensation  follows ;  when 
it  is  very  strong,  there  is  not  merely  sensation,  but  also 
2Min,  i.e.,  consciousness  of  an  abnormal  destruction  of 
nervous  elements.  Hence,  pain  is  the  result  of  every 
strong  excitation  which  disorganises  or  destroys  these 
elements.     Although  this  is  the  case  when  an  injury  or 

1  Cf.  J.  Laumonier  :   "  Physiologie  generale,"  pj).  467  et  seq. 
'  Cf.  le  Dantec  :  "  Theorie  nouvelle  de  la  vie,"  p.  137,  note. 
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burn,  the  action  of  caustic,  &c.,  is  in  question,  it  does 
not  seem  to  be  the  same  when  we  suffer  from  neuralgia, 
cramp,  or  cohc.  But  we  now  know,  thanks  to  progress 
in  microscopical  technique,  that  under  all  circumstances 
definite  alterations  of  the  nervous  elements  are  present.^ 
The  passage  of  the  influx  only  occurs  if  the  terminations 
of  the  axis  cylinders  and  the  protoplasmic  arborisations 
are  in  direct  contact,  touching  one  another.  The  recent 
researches  of  Bethe  and  Apathy  would  tend  indeed  to 
prove,  if  confirmed,  that  there  is  not  merely  contiguity, 
but  sometimes  even  contiimity .  As  the  terminations  of 
the  axis  cylinders  are,  by  themselves  or  by  their  adven- 
titious fibres,  in  contact  with  a  great  number  of  pro- 
toplasmic arborisations,  the  influx,  according  to  the 
adaptation  of  the  neurons,  may  in  the  nervous  system 
follow  very  different  paths. 

But  however  different  they  may  be,  these  paths  are 
not  arranged  haphazard.  Indeed,  although  the  ends  of 
the  axis  cylinders  may  seem  to  be  immobile,  this  is  by 
no  means  the  case  as  regards  the  protoplasmic  arborisa- 
tions. According  to  the  researches  of  Eabl,  Lepine, 
Duval,  Demoor,  Pupin,  kc,  these  arborisations  may 
execute  restricted  movements  of  expansion  and  retrac- 
tion, but  which  are  yet  sufficient  to  break  or  to  establish 
the  contiguity,  to  hinder  or  prevent  the  passage  of  the 
influx,  and  are  altogether  analogous  to  the  movements 
executed  by  the  pseudopodia  of  an  amoeba.  This  property 
has  therefore  been  called  the  amoehoism  of  the  neurons. 
This  faculty  does  not  exist,  at  all  events  in  a  definite 
degree,  in  all  the  nerve  elements.  Eepeated  and  severe 
functional  activity  diminishes  or  suppresses  it ;    an  act 

^  J.  Laumonier:  "La  doiileur  et  ses  remedes"  {Rev.  da  monde 
moderne,  Ajn-ii,  1899). 
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which  is  at  first  conscious  and  vohmtaiy,  becomes,  wlien 
frequently  performed,  instinctive  and  mechanical.  The 
property,  probably,  is  the  appanage  of  the  nerve  cells, 
which  are  relatively  the  least  active  and  the  youngest,  and, 
consequently,  of  the  central  neurons  whose  function  is 
inaugurated  very  late,  which  are  still  being  developed  in 
the  adult  and  which  are  far  from  being  mature,  i.e.,  not 
unalterably  connected,  in  the  aged  person. 

From  what  has  been  said,  it  is  possible  to  comprehend 
the  difference  between  a  reflex  and  a  voluntary  act.  The 
reflex  act  concerns  adult  neurons  only,  those  which  are 
practically  free  from  amceboism  and  in  which,  con- 
sequently, the  nervous  influx  always  pursues  the  same 
course.  To  a  given  excitation  the  response  is  therefore 
always  the  same,  and  it  can  be  accurately  anticipated. 
On  the  contrary,  the  voluntar}^  act  concerns  neurons 
which  are  not  adult,  which  are  endowed  with  amceboism, 
and  in  which,  consequently,  the  path  of  the  impulse  is 
extremely  variable  and  cannot  be  anticipated.  The 
response  to  a  given  excitation  is  therefore  not  always 
the  same,  and  the  act,  differing  according  to  circum- 
stances, is  called  voluntary,  because,  although  in  reality 
rigorously  defined,  it  nevertheless  seems  to  be  the  result 
of   a  deliberation.^ 

Under  what  circumstances  do  the  protoplasmic  arbori- 
sations of  the  neurons  undergo  retraction  and  expansion  ? 
Under  chemiotrophic  influences.  It  is  known  from  experi- 
ments upon  algse,  bacteria,  amoebae,  &c.,  that  certain  sub- 
stances attract  these  unicellular  organisms,  while  others 
repel  them.  It  is  the  same  as  regards  the  arborisations  of 
the  neurons,  and,  according  as  the  substance  is  positively 

^  J.  Laumonier:    "La  fatigue  et  la  somnieil"  {Eet'.    Univers., 
October  19th,  1901). 
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or  negatively  active,  their  arborisations  extend  them- 
selves or  retract.  The  effect  exerted  by  substances  which 
are  positively  chemiotactic,  is  to  maintain,  and  even  to 
increase,  the  connections  of  the  neurons  among  them- 
selves, and  to  open  multiple  and  new  paths  to  the  influx. 
The  effect  of  negative  chemiotactic  substances  is,  on  the 
contrary,  to  break  connections  and  to  prohibit  the  passage 
of  the  influx,  thus  causing  the  centres  or  the  portions 
of  the  nervous  system  whose  neurons  have  retracted  their 
arborisations  to  pass  into  a  state  of  repose. 

Amceboism,  the  existence  of  which  experiments  and 
observations  both  confirm/  is  the  condition  of  the  normal 
or  pathological  nervous  reactions.  Indeed,  if  the  influx 
which  sets  up,  as  we  have  seen,  every  excitation  causes 
the  reactions  by  promoting  amceboism,  or  the  expansion 
of  the  protoplasmic  arborisations,  it  may  be  that  the 
positive  chemiotaxis  exerted  by  the  influx  as  concerns 
the  arborisations  is  annulled  by  the  stronger  negative 
chemiotaxis  of  the  matters  which  are  accidentally 
present  in  the  interior  intercellular  medium.  In  this 
case  no  remote  action  ensues,  because,  at  certain  levels, 
the  influx  is  no  longer  transmitted  on  account  of  the 
retraction  of  the  nervous  network  of  prolongations.  But 
it  may  also  happen  that  the  substances  accidentally 
present  in  the  interior  medium  may,  on  the  contrary, 
favour  amceboism  by  exalting  the  influx,  i.e.,  by  increasing 
the  molecular  destruction  which  it  transmits.  In  the 
majority  of  cases,  the  positive  or  negative  chemiotaxis 
which  sets  up  amceboism  is  localised  in  certain  groups 
of  neurons,  and  does  not  transgress  their  limits.  Thus 
if  cold  water  be  applied,  a  contraction  of  the  vessels  of 

1  Cf .  pour  la  demonstration  de  Tamiboisme :  Mathias,  Duval : 
*'  Precis  d'histologie,"  2  ed.  (Paris,  1900). 
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the  refrigerated  region  occurs,  and  of  this  region  only. 
An  irritation  of  a  definite  locaHty  produces  active  con- 
gestion, followed  by  cedema,  diapedesis,  &c.  In  the 
same  way  intense  and  prolonged  activity  of  an  organ 
induces  fatigue  of  this  organ,  which  finally  ceases  to  act, 
because,  owing  to  the  accumulation  of  waste  products, 
particularly  of  the  ponogenes,  the  cells  become  poisoned, 
and  the  arborisations  of  the  neurons  retracted. 

The  reactions  vary  according  to  the  intensity  and 
point  of  origin  of  the  excitation ;  they  may  be  sym- 
metrical and  homologous,  as  in  the  experiment  of  Brown- 
Sequard  and  Tholozan,  or  on  the  contrary,  compensatory, 
as  when  a  species  of  balance  between  the  central  and  peri- 
pheral circulation  occurs.  Lastly,  they  may  generalise 
themselves,  and  in  this  way  obtain  their  maximum 
importance,  whether  they  result  from  amoeboid  expan- 
sion, as  in  shivering,  pain,  delirium,  convulsions,  fever, 
&c.,or  whether  they  indicate,  on  the  contrary,  retraction 
of  the  protoplasmic  arborisations,  the  momentary  or 
definitive  rupture  of  the  central  nervous  connections,  of 
co-ojDeration,  as  in  nervous  shock,  syncope,  and  death. 
Sleep  is  nothing  more  than  a  temporary  rupture  of 
co-operation,  of  the  connections  between  the  cerebral 
and  reflex  centres.  We  may  add  that  age,  sex,  and 
heredity  act  in  the  same  way  as  the  point  of  departure 
of  the  excitation. 

Thus  it  is  evident,  and  hence  it  is  unnecessary  to  labour 
the  point,  that  amoeboism  is  modified  by  changes,  as  also 
are  the  influx  and  reactional  phenomena.  Hence,  when 
acting  upon  the  centripetal  paths,  these  changes  induce 
retardation,  abnormalities  of  reaction,  or  even  entire 
absence  of  reaction  (perceptions,  mental  operations) ; 
when  they  affect  the  centrifugal  routes,  there  may  be 
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an  exaggeration,  or  suppression  of  motor,  secretory,  &c., 
reactions,  contractions,  cramps,  trembling,  disordered 
movements  or  paralysis,  &c. 

These  considerations  prove  that  certain  causes  influ- 
ence amoeboism  and  therefore  the  reactions  which  arise 
therefrom.  The  nervous  influx  is,  speaking  generally, 
a  hyperaemia;  an  abundance  of  nourishment  for  the 
neuron  in  the  intercellular  medium  increases  amoeboism, 
favours,  by  its  positive  chemiotactic  influence,  the 
expansive  power  of  the  arborisations.  Hence  frictions, 
sinapisms,  warmth,  massage  by  drawing  blood  to  the 
skin,  increase  the  cxcitahility  of  the  centripetal  nerve 
terminations  ;  on  the  contrary,  fatigue  (through  in- 
toxication the  result  of  the  accumulation  of  the  waste 
products  of  functional  activity),  prolonged  repose 
(through  atrophy  of  the  nerve  elements),  and  cold  (by 
inducing  anaemia),  diminish  amoeboism.  Many  poisons 
and  toxins,  both  those  of  bacteria  and  of  the  tissues,  have 
also  an  influence  on  amoeboism,  either  increasing  it,  as 
is  the  case  with  the  toxin  of  tetanus  and  of  rabies,  or,  on 
the  contrary,  diminishing  or  suppressing  it,  as  occurs 
with  the  toxins  of  diphtheria,  ethyldiacetic  acid,  &c. 

Inasmuch  as  abnormal  materials,  or  those  which  are 
foreign  to  the  organism,  are  capable  of  influencing  the 
amoeboismand  the  resulting  nervous  reactions,  it  is  possible 
to  combat  the  latter,  w^hen  they  have  a  morbid  character, 
by  the  aid  of  matters  which  are  endow^ed,  so  far  as 
concerns  the  neurons,  with  antagonistic  qualities.  As  a 
matter  of  fact,  it  is  only  in  recent  times  that  this  mode 
of  reasoning  has  been  possible,  and  that  it  has  been 
feasible  to  undertake  the  rational  investigation  of 
remedies  which  will  counteract  such  and  such  a  nervous 
change.   For  a  very  long  period  the  treatment  of  nervous 
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disease  was  purely  empirical,  and  the  therapeutists  who 
made  use  of  this  medication  were  scarcely  acquainted 
with  the  mechanism  of  its  action,  and  consequently  with 
the  strict  indications  for  the  employment  of  the  long  list 
of  different  products  which  is  formed  by  the  drugs  having 
an  action  on  the  nervous  system.  At  the  present  day,  as 
we  have  already  seen,  our  knowledge  is  somewhat  more 
advanced,  and  we  are  able  not  only  to  choose,  amongst 
those  which  are  well  known,  the  remedy  which  is  best 
adapted  to  combat  such  and  such  a  symptom,  but 
further,  and  it  is  in  this  especially  that  real  progress 
consists,  to  select  artificially  the  remedy  which  is  exactly 
antagonistic  to  such  and  such  a  reaction,  as  is  strikingly 
shown  by  the  law  of  Dujardin-Beaumetz  and  Bardet 
relative  to  the  properties  of  the  derivatives  of  the 
aromatic  series,  whether  methylated   or   amidated. 

The  remedies  which  act  on  the  nervous  system  are 
divided  into  two  chief  classes  according  to  the  views 
enunciated  above. 

The  first  group  contains  the  nervous  excitants,  which 
stimulate  the  nerve  centres  and  favour  amoeboism  ;  these 
are  divided  into  two  categories  :  the  trophic  excitants, 
lecithins,  the  glycerophosphates,  alcohol,  tea  and  coffee ; 
and  the  functional  excitants,  strychnine,  brucine,  am- 
monia, camphor.  It  should  be  noted  that,  these  sub- 
stances being  toxic,  large  doses  of  them  produce  paralysis, 
and  that  hence  they  act  as  stimulants  only  in  small  or 
therapeutic  doses. 

The  second  group  includes  the  nervous  sedatives,  and 
is  by  far  the  fullest.  These  remedies  must  be  divided 
into:  1.  Those  which  diminish  nervous  excitability  and 
sensation  and  induce  sleep,  i.e..  those  which  exert  a 
retractive  action  upon  the  neurons ;  examples  are  opium 
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and  certain   of   its  derivatives,  morphia,  codeia  (other 
derivatives  of  opium,  thebaine,  papavarine,  &c.,  resemble 
excito-nervins  in  their  properties,  such  as  strychnine), 
atropine,  aconitine,  conicine  (or  cicutine),  &c.     To  them 
must  be  added  the  remedies  which  modify  nutrition ;  these 
act  much  more  feebly,  and  do  not  induce  either  total 
insensibility  or  sleep,   but  have  a  sedative  influence  on 
the  whole  nervous  system,  such  as  the  bromides  and 
the  organic  derivatives  of  arsenic  (see  "Cacodylates,"  &c., 
pp.  47  and  57).    2.  The  general  anaesthetics  or  hypoanaes- 
thetics,  which    cause    insensibility,  muscular  flaccidity 
and  sleep,  such  as  chloroform,  ether,  nitrous  oxide,  &c. 
3.  The  hypnogogues,  which  induce  sleep  and  diminish 
reflexes,   but   which   have   only   a   slight  influence   on 
sensation,   such   as    chloral,    sulphonal,  trional,    aceto- 
phenone,  urethane,  chloralose,  chloralamylene,  paralde- 
hyde, &c.     4.  The  local  anaesthetics,  which  locally  act 
on  sensation,  and  the  analgesics,  which  act  on  general 
sensibility,   but  neither    by   themselves    induce    sleep. 
Among  local  anaesthetics  may  be  cited  cocaine  and  the 
eucaines,  orthoform,  nirvanin  ;    among  the  analgesics, 
antipyrin,    exalgin,    phenacetin,   acetanilide,    &c.     Only 
the  most  recently  discovered  drugs,  and  those  which  are 
of  real  therapeutic  value,  and  especially  the  new  morphia 
derivatives,  will  be  considered  here. 

2.  Eecently  Discovered  Derivatives  of  Morphia. 
A.  Dionin. 

Dionin,  or  hydrochloride  of  ethylmorphine  is  repre- 
sented by  the  formula  C^^  H^^  NO'^  B.C\,W  0.  It  is  a 
white,  crystalline  powder,  without  smell  and  bitter  to 
the  taste,  which  melts  at  123° — 125°  C,  and  is  tolerably 

M.T.  s 
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soluble  in  water ;  at  15°  C.  100  parts  of  water  dissolve 
14  parts  of  dionin. 

Physiologically  dionin  appears  to  be  intermediate 
between  morphia  and  codeia,  which  is  methylmorphine. 
Nevertheless,  the  very  marked  narcotic  properties  of 
dionin  render  its  resemblance  to  morphia  very  close, 
while  on  the  other  hand  its  weaker  influence  on  the 
spinal  cord  reflexes  would  approximate  it  to  codeia,  the 
latter  being,  as  Bardet  has  pointed  out,  a  very  distinct 
depressant  remedy.  But  the  properties  which  have  been 
the  most  thoroughly  investigated  are  those  which  it 
exerts  on  the  respiratory  function.  Winternitz  has  shown 
{Therap.  Monatsh.,  September,  1899)  that,  in  the  normal 
subject,  the  excitability  of  the  nervous  centres,  the 
frequency  of  respiration  and  the  amplitude  of  the  same 
are  in  no  degree  influenced  by  doses  of  0  grm.  *06  of 
dionin  when  given  hypodermically.  The  experiments 
have  been  made  on  fasting  persons  with  the  apparatus 
Zuntz-Geppert. 

Dionin  is  sedative,  analgesic  and  hypnotic  in  action, 
and  it  has  therefore  from  the  first  been  used  in  a  variety 
of  ailments.  Korte  of  Danzig,  Bornikoel  of  Berlin,  and 
Heim  of  Vienna  have  more  especially  experimented  with 
it.  It  gives  good  results  in  the  acute  and  chronic 
affections  of  the  respiratory  tract,  in  bronchitis,  bronchi- 
ectasis, pulmonary  emphysema,  asthma,  pneumonia, 
and  pulmonary  tuberculosis.  It  checks  the  paroxysms 
of  painful  cough,  facilitates  the  respiratory  movements, 
without  making  the  expectoration  more  copious ;  it 
soothes  patients  without  apparently  affecting  the  respira- 
tory exchanges.  As  hypnotic  its  action  is  sometimes, 
contrary  to  that  of  codeia  (Bardet),  more  energetic 
and  sure  than   that  of   chloral,  sulphonal,  or  trional, 


DIONIN.  -  259 

and  it  may  succeed  in  cases  in  which  these  latter 
drugs  have  failed.  As  an  analgesic  dionin  is  also 
useful,  it  checks  the  most  violent  pain  and  thus  induces 
sleep.  Heim  has  succeeded  in  producing  absence  from 
pain  in  hepatic  colic,  in  neuralgia  and  migraine,  in 
gastralgia  of  nervous  origin,  and  in  ulcer  and  carcinoma 
of  the  stomach ;  similar  results  have  ensued  in  para- 
metritis and  in  uterine  carcinoma,  as  also  in  painful  acute 
rheumatic  affections  from  Bornikoel's  use  of  the  remedy. 
This  author  also  reports  cases  in  which  dionin  has  been 
completely  efficient  in  removing  the  shooting  pains  of 
tabes  and  in  the  gastric  crises  of  the  same  disease.  The 
analgesic  effect  of  the  drug  is  first  noticed  about  a  quarter  of 
an  hour  after  its  administration.  As  a  rule,  no  unpleasant 
effects  are  induced,  and  no  secondary  disturbances  ensue, 
such  as  headache,  nausea,  vomiting,  heart  trouble,  sup- 
pression of  urine,  &c.  It  is  true  that  digestive  disturb- 
ances, and  notably  constipation,  may  be  induced,  but  these 
are  of  far  more  rare  occurrence  than  after  peronin. 

Dionin  is  made  use  of  just  as  is  this  latter  remedy  as 
a  local  anaesthetic,  especially  in  ophthalmic  practice. 
Wolfberg  has  thus  successfully  used  it.  The  presence 
of  dionin  in  the  eye  causes  at  first  the  unpleasant  sensa- 
tion due  to  a  foreign  body ;  afterwards  a  slight  sensation 
of  burning  and  lachrymation  ensues ;  all  these  disagree- 
able phenomena  soon  pass  away,  and  the  subsequent 
anaesthesia  is  fairly  durable.  Wolfberg  makes  use  of 
solutions  of  2*5  to  10  per  cent.,  but  he  advises  that 
these  be  prepared  as  wanted,  inasmuch  as  the  active 
agent  is  rapidly  deposited.  Lastly,  it  does  not  appear 
that  the  use  of  dionin  causes  injurious  drug  habit,  and 
as  its  toxicity  is  relatively  weak  it  may  be  employed 
in  the  treatment  of  morphinism,  for  it   alleviates   the 
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symptoms  of   abstention  and  hastens  the   invigoration 
of  the  mental  faculties  of  the  patient. 

Dionin  is  given  by  the  mouth,  by  the  rectum  or 
hypodermically ;  the  daily  amount  is  from  1-5  centi- 
grammes to  3  centigrammes  in  a  draught,  in  syrup,  or 
in  pills ;  1  to  2  centigrammes  in  enema  or  suppository ; 
1  to  2  centigrammes  hypodermically,  but  in  the  latter 
case  the  quantity  of  2  centigrammes  should  never  be 
exceeded  pro  die. 

B.  Heroin. 

Heroin  is  the  diacetic  ether  of  morphine.  Its 
formula  is  C^7  h^s  ^0  2  (CH^CO.O).  It  is  a  white 
crystalline  slightly  bitter  powder,  which  melts  at 
173°  C. ;  it  is  slightly  soluble  in  water,  but  freely  so 
in  alcohol. 

A  large  number  of  observers  have  investigated  heroin 
and  have  determined  as  follows  its  chief  properties. 
After  its  absorption  it  does  not  seem  that  heroin  under- 
goes any  decomposition  in  the  animal  economy ;  it  is 
not  acted  upon  either  by  the  gastric  or  intestinal  juices. 
It  produces  its  effect  in  doses  far  smaller  than  those  of 
morphine  and  codeine,  and  the  medicinal  dose  is  much 
less  than  that  which  proves  fatal.  Thus  1  milligrm. 
of  heroin  will  cause  a  marked  diminution  in  the 
frequency  of  respiration,  while  1  centigramme  of  codeine 
phosphate  will  be  required  to  produce  the  same  result. 
On  the  other  hand,  the  fatal  dose  of  codeine  in  the  rabbit 
is  1  centigramme  per  kilogramme,  while  that  of  heroin 
is  12  milligrm.  Hence  heroin  is  ten  times  more  active 
therapeutically,  and,  at  all  events  in  man,  is  a  little 
less    toxic.      But   in   animals,   according   to    Guinard, 
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this  toxicity  is  in  certain  instances  more  pronounced, 
those  namely  in  which  the  animal  has  been  excited  by 
morphia.  This  circumstance  is  so  obviously  advan- 
tageous that  it  is  unnecessary  to  dwell  on  the  point. 

Different  explanations  have  been  offered  as  concerns 
the  action  of  heroin  upon  the  phenomena  of  respiration. 
But  it  is  incontestable  that  it  diminishes  the  respiratory 
volume  and  frequenc3^  Dreser  has  shown,  from  experi- 
ments on  animals,  that  though  the  drug  diminishes  the 
frequency  of  respiration,  yet  the  sensitiveness  of  the 
respiratory  centre  with  regard  to  the  chemical  relation- 
ship of  respiration  and  the  contents  of  carbonic  acid 
and  of  oxygen  contained  in  the  respired  air,  remain 
invariable.  However,  the  researches  of  Winternitz  have 
proved  that  what  is  true  as  regards  animals  does  not 
always  hold  good  in  the  case  of  the  human  being.  He 
has  shown  that  heroin  markedly  diminishes  the 
excitability  of  the  respiratory  centre,  and  consequently 
diminishes  the  amplitude  and  frequency  of  respiration  ; 
this  confirms  what  experiment  had  already  pointed  out, 
that  heroin  acts  in  the  same  w^ay  as  morphia,  but 
more  powerfully. 

According  to  Bougrier,  heroin  diminishes  the  fre- 
quency of  respiration,  but  increases  the  length  of 
inspiration  in  such  a  manner  that  more  time  is  given  to 
the  air  to  enter  the  pulmonary  alveoli.  Further,  the 
depth  of  the  respiratory  movement  is  considerably 
increased.  Consequently,  the  frequency  of  respiration 
diminishing  and  the  respiratory  amplitude,  on  the  con- 
trary, increasing,  the  ventilation  of  the  lung  must  be 
deeper  and  more  effectually  carried  out.  On  the  other 
hand,  the  actual  work  performed  by  an  isolated  inspiration 
has  been  proved  to  be  slightly  increased;  hence  it  follows 
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that  in  administering  heroin  to  debilitated  patients 
there  is  no  risk  of  weakening  the  muscular  force  and  of 
thus  causing  an  accumulation  of  secretion  within  the 
bronchial  tubes.  It  is  also  proved  that  the  consumption 
of  oxygen  is  sensibly  diminished,  and  the  cause  of  this 
diminution  would  appear  to  be  the  suppression  of  those 
muscular  movements  which  are  useless  or  accessory. 
Further,  the  saturation  of  the  blood  by  oxygen  is  not 
hindered,  as  happens  in  the  case  of  those  accidents 
which  sometimes  occur  when  morphine  is  made  use  of. 

The  sensitiveness  of  the  respiratory  centres  as  regards 
the  chemical  excitants,  oxygen  and  carbonic  acid,  remains 
invariable,  but  the  reaction  to  mechanical  stimulation, 
although  not  abolished,  is  yet  considerably  diminished. 
This  diminution  of  excitability  to  mechanical  irritation 
explains  the  fact  that  patients  are  enabled  to  breathe 
freely,  to  take  deep  inspirations,  and  yet  do  not  suffer 
from  attacks  of  coughing,  attacks  which  are  really  due 
to  hyperexcitability  of  the  damaged  lung.  Further, 
heroin  is  a  mild  hypnotic  causing  calm  sleep,  especially 
in  children.  In  some  cases  this  sleep  is  not  so  heavy  as 
that  induced  by  morphia ;  not  seldom  it  is  rather  a  con- 
dition of  drowsiness  and  lethargy  than  of  true  sleep. 
Finally,  in  a  dog,  according  to  Guinard,  as  soon  as  the 
quantity  reaches  1  centigramme  per  kilogramme  of  body 
weight  the  calm  repose  gives  way  to  great  excitement, 
although  the  resulting  movements  may  be  embarrassed 
by  the  paralysing  effects  of  the  drug. 

Heroin  does  not  seem  to  influence  the  heart,  the  circula- 
tion, nor  therefore  the  blood  pressure;  hence  it  may  be 
employed  without  fear  of  secondary  troubles  resulting  in 
patients  whose  heart  and  arteries  are  weakened,  and 
who  in  consequence  cannot  tolerate  morphia.    It  does  not 
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marked!}'  cause  constipation  and  does  not  interfere  in 
any  way  with  the  appetite  or  with  gastric  or  intestinal 
digestion.  And  Lepine  has  shown  that  it  is  endowed 
with  anti-thermic  properties  which  are  more  marked 
than  are  those  of  morphia,  and  that  this  influence  is  not 
accompanied  with  disagreeable  or  dangerous  factors  such 
as  cramp,  &c. 

In  consequence  of  these  different  properties,  more 
especially  of  the  influence  on  the  consumption  of  oxygen 
and  the  reduction  of  fever,  heroin  is  particularly  useful 
in  phthisis,  in  which  disease  it  checks  exaggerated  com- 
bustion, reduces  the  tendency  to  sweating  and  calms  the 
cough.  It  also  gives  excellent  results  in  asthma  and 
bronchial  affections,  as  also  in  laryngitis,  pharyngitis 
and  catarrh.  Its  action  is  very  rapid,  being  perceptible 
about  half  an  hour  after  it  has  been  taken.  Kandel  has 
made  use  of  heroin,  and  with  success,  in  the  treatment 
of  morphinism. 

It  may  also  be  employed  in  children  in  obstinate  and 
rebellious  cough,  and  in  the  paroxysms  of  whoo^Ding 
cough ;  in  the  latter  malady  Kunkel  has  obtained  good 
results  in  three  out  of  four  cases.  But  in  children  the 
hypnotic  action  is  paramount,  and  twenty  or  thirty 
minutes  after  the  drug  has  been  given  the  child  falls  into 
a  deep  sleep.  For  children  the  following  is  the  posology 
recommended  by  Eunkel  of  Bonn,  who  has  especially 
studied  the  action  of  heroin  from  this  point  of  view : 
A  child  of  6  weeks  ...     J —    J  milligramme. 

3  months 
7       „ 
10      „ 
15       „ 
20       „ 


h—1 
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For  adults  the  average  dose  is  5  milligrammes  three 
or  four  times  a  day.  In  asthma  up  to  1  centigramme 
may  be  given.  The  drug  may  be  taken  in  pills,  cachets, 
or  alcoholic  solution,  for  heroin  is  soluble  in  alcohol. 
In  watery  solution  hydrochloride  of  heroin  must  be 
employed,  as  it  is  soluble  in  water.  It  may  also  be 
made  use  of  by  hj^podermic  injection,  of  which  the  dose 
is  3  milligrm.  to  1  centigramme,  not  more  under  any 
circumstances,  two  or  three  times  j^^'o  die. 

3.   Local  Anesthetics. 
A.  Eiicaines. 

The  eucaines,  first  recommended  by  Vines,  possess  the 
same  composition  as  cocaine,  one  atom  of  hydrogen 
being  replaced  by  a  methyl  group.  Their  formula  is 
Q19  JJ27  Q4  ;^ .  ^i^Qj  Q^yQ  obtained  by  treating  ecgonine 
with  acid  carbonate  of  oxypiperidine.  Eucaine  A.  and 
eucaine  B.  are  isomers  of  position  which  only  differ 
in  the  degree  of  their  toxicity ;  these  bases  are  but 
slightly  soluble  in  water,  but  their  salts  are  more 
soluble.  As  a  rule,  hydrochloride  of  eucaine  B.  is 
employed  ;  it  is  a  white  crystalline  powder,  very  soluble 
in  warm  water ;  the  solution  does  not  change  in  con- 
sequence of  successive  elevations  of  temperature,  so  that 
it  can  be  readily  sterilised. 

The  effects  of  eucaine  B.  are  almost  the  same  as 
those  of  cocaine ;  this  drug  causes  anaesthesia,  but 
according  to  Pouchet,  Eeclus  and  Schmitt,  this  loss  of 
sensation  is  less  durable  and  slighter;  on  the  other 
hand,  Lewis  S.  Somers  finds  that,  although  anaesthesia 
may  be  slower  in  its  production  (8'),  yet  it  lasts  longer 
than  that  of  cocaine.     Further,  contrary  to  the  effect  of 
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cocaine,  which  produces  mydriasis  and  anaemia  of  the 
tissues,  eucaine  has  no  action  on  the  pupil  and  is  a 
vasodilator.  On  the  other  hand,  it  slows  instead  of 
accelerating  the  pulse,  but  does  not  appear  to  affect 
the  vascular  pressure.  As  regards  its  general  action, 
eucaine  B.  does  not  seem  to  be  much  less  dangerous  than 
cocaine ;  as  does  the  latter,  it  causes  excitement,  clonic 
convulsions,  and  its  action  on  the  heart  may  lead  to 
dangerous  syncope.  But  these  drawbacks  are  only  to 
be  feared  when  too  large  quantities  of  eucaine  are 
incautiously  employed.  As  eucaine  B.  is  about  3^  times 
less  toxic  than  is  cocaine,  all  danger  can  be  avoided  by 
employing  a  5  per  cent,  solution  for  local  application  and 
a  3  per  cent,  at  the  most  for  hypodermic  injection  in 
quantities  of  1  to  4  c.c. 

Eucaine  has  been  particularly  recommended  for  the 
production  of  local  anaesthesia  in  dental  operations,  in 
which  it  gives  good  results,  provided,  of  course,  that 
the  operator  never  neglects  any  precaution  which  is 
necessary  in  making  use  of  this  class  of  drug.  Lewis 
S.  Somers  has  also  used  eucaine  as  a  local  anaesthetic 
in  nasal  operations,  and  others  have  employed  the  drug 
in  operations  on  the  oesophageal  and  rectal  mucous 
membrane.  Berger,  Legueu,  Belt,  Fuller,  Schwergger, 
&c.,  recommend  the  combination  of  cocaine  and 
eucaine  B.  for  minor  operations.  This  combination 
appears  to  bring  out  the  virtues  of  each  of  these 
remedies,  and  at  the  same  time  to  suppress  their 
drawbacks.  The  following  formula  may  be  used  for 
hypodermic  injection  in  doses  of  1 — 2  c.c. : 
Hydrochloride  of  eucaine  B. 


cocame 


0  srm.  -20 


t5 


Boiled  and  distilled  water  ...     20 
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B.  Nlrcaiiin. 

Nirvanin,  first  recornmended  by  Einhorn  and  Heinz 
in  1898  as  a  substitute  for  orthoform,  being  capable  of 
hypodermic  use,  is  the  methylic  ether  of  diethylglycocoll- 
amido-oxy benzoic  acid.  It  occurs  as  a  white  powder 
which  crystalhses  in  small  prisms ;  it  is  odourless,  but 
possesses  a  taste  recalling  that  of  iodide  of  potash.  It 
melts  at  185°  C,  is  very  soluble  in  water,  slightly  so  in 
alcohol,  and  is  almost  insoluble  in  ether.  It  is  neutral  in 
reaction,  but  gives  a  violet  colour  with  perchloride  of  iron. 
Finally,  its  solutions  are  very  stable  and  can  be  several 
times  re- sterilised  without  deterioration. 

Five  per  cent,  solutions  are  free  from  causticity,  any 
local  irritation  produced  by  them  is  quite  transitory. 
The  toxic  power  of  this  drug  is  feeble,  as  showai  by  the 
figures  of  Joanin  reproduced  below,  being  the  numbers 
w^hich  represent  toxic  equivalents  in  the  same  experi- 
mental conditions : 

The  toxicity  of  holocaine  is  0*07  per  kilogramme 

of  animal. 
,,  ,,         cocaine  0*08  ,, 

,,  ,,         eucaine  A.      O'lO  ,, 

,,  ,,         eucaine  B.      0*30  ,, 

„  ,,         nirvanin         0*70  ,, 

Consequently  nirvanin  is  eight  or  nine  times  less  toxic 
than  cocaine. 

But  although  nirvanin  is  but  feebly  toxic,  its 
anaesthetic  action  is  slow,  very  limited  and  not 
sufficiently  well  marked  to  allow  the  tissues  to  be  cut 
without  pain,  even  when  5  per  cent,  solutions  are  made 
use  of.  On  account  of  the  diffusive  power  of  nirvanin 
being  feeble  and  markedly  inferior  to  that  of  cocaine, 
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small  injections  have  been  employed  very  close  together, 
so  that  the  anaesthetic  solution  is  brought  into  imme- 
diate contact  with  the  sensory  nerve  elements.  If  this 
method  is  not  made  use  of  and  care  is  not  taken  to 
proceed  from  the  periphery  towards  the  painful  centre 
by  successive  injections,  sensation  will  remain  almost 
uninfluenced,  and  indeed  at  the  periphery  a  very  sensi- 
tive, painful  zone  may  be  found.  This  phenomenon  is 
connected  with  the  property  which  nirvanin  possesses 
of  increasing  the  excitomotor  power  of  the  spinal  cord, 
as  also,  according  to  Eeynier,  of  causing,  trembling, 
epileptiform  convulsions,  paralysis  with  visceral  hyper- 
semia  (cerebral,  pulmonary,  hepatic,  &c.),  which  latter  may 
be  met  with  at  ijost-mortem  examination.  The  period  of 
hyperexcitability  and  of  reflex  excitement  is  followed  by 
that  of  clonicotonic  convulsions.  According  to  Joanin, 
there  is  also  a  slowing  and  diminution  in  the  number  of 
cardiac  beats,  the  heart  finally  stopping  during  systole ; 
according  to  Dumont  and  Legrand  death  is  due  to 
paralysis  of  the  respiratory  centre.  The  drawbacks  to  the 
use  of  nirvanin,  in  which  must  be  included  its  slowness 
in  producing  anaesthesia  which  only  ensues  in  ten  minutes 
(cocaine  causes  anaesthesia  in  five  minutes),  are  com- 
pensated, on  the  one  hand,  by  its  feeble  toxicity,  and 
on  the  other  by  the  much  longer  continuance  of  the 
anaesthesia  ;  the  insensibility  with  a  2  per  cent,  solution 
of  which  4  c.c.  are  made  use  of  lasts  for  twenty 
minutes,  or  even  for  three-quarters  of  an  hour  or  an 
hour,  without  its  being  necessary  to  renew  the  injection, 
so  long  as  the  ligature  is  kept  in  place.  It  may  be  men- 
tioned, further,  that  nirvanin  is  slightly  antiseptic,  and 
that  in  a  2  or  3  per  cent,  solution  it  checks  the  growth 
of  the  staphylococcus. 
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Nirvanin  is  used  in  minor  surgery  in  such  operations  as 
the  opening  of  abscesses,  whitlow,  &c.,  and  in  dental  cases. 
The  results  obtained  are  very  satisfactory,  especially  in 
those  cases  in  which  it  would  be  risky  to  make  use  of 
cocaine.  In  minor  surgery  4  per  cent,  solutions  are 
employed,  in  dental  practice  2  per  cent,  solutions.  In 
the  manner  already  described,  from  2  to  10  c.c.  of  these 
solutions  may  be  injected.  No  accidents  have,  so  far  as 
can  be  ascertained,  been  recorded  after  operations. 

C.   Orthoform. 

Orthoform,  or  methylic  ether  of  metamidobenzoic 
acid,  is  a  crystalline  white  powder,  without  smell  and 
insipid,  little  soluble  in  water,  but  soluble  in  alcohol, 
ether  and  fatty  bodies,  and  also  in  certain  organic 
liquids,  such  as  serous  fluid. 

This  substance  is  a  local  anaesthetic  and  analgesic 
whose  action  is  slow  and  progressive,  but  lasting.  It  is 
successfully  employed  in  cases  of  painful  wounds,  where 
its  action,  although  only  developed  after  a  lapse  of  a 
certain  time,  is  prolonged  for  twelve  or  even  twenty-four 
hours.  It  acts  especially  on  mucous  membranes,  yet  also 
on  the  skin,  but  only  when  the  surface  is  cut  or  when  there 
are  erosions  ;  because,  on  account  of  its  feeble  solubility, 
its  analgesic  power  can  only  be  exerted  when  it  is 
brought  into  immediate  contact  with  the  nerve 
elements. 

Its  toxicity  is  very  feeble ;  in  the  dog,  when  swallowed 
or  injected  into  a  vein,  it  amounts  to  1  grm.  per 
kilogramme  of  body  weight,  but  when  injected  into 
the  peritoneum  0  grm.  *50  produces  decided  effects. 
When  the  toxic  dose  is  reached  or  is  exceeded  spasms 
supervene,  as  well  as  contractions  and  loss  of  equilibrium, 
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followed  by  coma.  As  a  rule  orthoform  causes  no  irri- 
tation, yet  Wunderlich  and  Yogt  have  found  its  applica- 
tion to  be  followed  by  slight  erythema.  Lastly,  according 
to  Mosse,  the  absorption  of  the  drug  is  very  rapid,  for 
half  an  hour  after  it  has  been  taken  into  the  stomach, 
its  presence  can  be  detected  in  the  urine  in  the  form  of  a 
diamidophenol  combination. 

Orthoform  gives  good  results  in  painful  wounds  and 
ulcerations  of  the  tongue  and  larynx,  of  the  stomach,  in 
chancre,  cancer,  varicose  veins,  burns  of  the  third 
degree,  in  excoriations  and  fissures  of  the  lips,  nipple 
and  anus,  and  in  dry  and  painful  haemorrhoids. 

Orthoform  is  made  use  of  either  as  ointment,  pommade, 
or  powder.  In  rebellious  fissure  of  the  nipple,  Bardet 
recommends  the  following  formula  : 

Orthoform  5  grm. 

Sulphuric  ether q.s.  to  dissolve. 

Oil  of  sweet  almonds       ...         20  grm. 

To  be  painted  on  the  affected  part.  It  is  necessary 
that  the  nipple  be  carefully  washed  with  water  alkali- 
nised  to  a  fifth  before  putting  the  infant  to  the  breast,  as 
orthoform  is  poisonous  to  babies.  In  fissure  of  the  anus 
and  dry  haemorrhoids,  Bardet  combines  orthoform  with 
Lutz's  pommade  of  oxide  of  zinc  and  introduces  the  whole 
into  the  rectum  by  the  aid  of  a  canula  attached  to  a 
bladder  containing  the  mixture.  In  excoriated  haemor- 
rhoids he  uses  also  a  powder  formed  of  equal  parts  of 
orthoform  and  iodoform,  which  is  applied  by  means  of 
insufflation,  and  which  induces  rapid  cicatrisation.  The 
disagreeable  smell  of  iodoform  is  thus  rendered  less 
perceptible. 

Internally,  orthoform  is  employed  in  the  treatment  of 
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ulcer  and  cancer  of  the  stomach,  and  whenever  there  is 
erosion  of  the  mucous  membrane.  The  quantity  made 
use  of  varies  from  0*50  to  1  grm.  j^^'o  die. 

A  combination  of  orthoform  and  hydrochloric  acid,  or 
of  hydrochloride  of  orthoform,  which  is  soluble  in  water, 
is  employed  in  the  same  class  of  case  as  orthoform, 
excej)t  for  analgesia  of  the  conjunctiva  and  of  the 
mucous  membrane  of  the  upper  digestive  and  respira- 
tory tracts,  and  as  a  hypodermic  injection,  on  account 
of  its  acid  reaction,  which  causes  much  irritation  of  the 
tissues.  Yet  in  gonorrhoea  urethral  injections  of  this 
preparation  have  occasionally  given  good  results. 

D.  Salicylate  of  Methyl  and  Ulmareue. 

We  shall  study  briefly  in  this  place  these  two  bodies, 
in  spite  of  the  fact  that  they  belong  to  a  different  series, 
on  account  of  their  local  and  general  anaesthetic  and 
analgesic  properties. 

Salicylate  of  methyl  has  been  known  for  some  years ;  it 
is  the  active  principle  of  essence  of  wdntergreen.  It  is  a 
yellow,  volatile  liquid,  possessing  a  peculiar,  slightly 
insipid,  but  very  tenacious  and  disagreeable  odour,  and 
it  contains  about  90  per  cent,  of  salicylic  acid.  The  most 
characteristic  property  of  this  substance  is  the  facility 
with  which  it  is  absorbed  by  the  skin ;  indeed,  after 
being  painted  on  the  skin  it  appears  in  the  urine  in  less 
than  a  quarter  of  an  hour.  The  maximum  elimination 
is  attained  after  six  to  eight  hours,  and  elimination  is 
generally  complete  after  forty-eight  hours.  But  this 
elimination,  which  is  chiefly  effected  (80  per  cent.)  by 
the  urine,  must  obviously  affect  the  kidney  in  the  same 
way  as  salicylic  acid. 

As  a  substitute  for  salicylate  of   soda,  salicylate  of 
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methyl  is  made  use  of  in  rheumatism,  rheumatic  arthritis, 
both  acute  and  chronic,  in  rheumatoid  pains,  in  which 
maladies  it  is  of  great  value  as  a  local  analgesic,  rapidly 
assuaging  the  pain.  It  has  also  succeeded  in  cases  of 
torticollis  and  of  rebellious  zona.  It  is  only  employed 
externally  as  a  paint,  in  quantity  of  from  4  to  16  grammes 
-per  diem,  A  more  efficacious  result  may  be  obtained  by 
pouring  some  grammes  of  the  liquid  on  the  painful  part 
and  then  covering  it  with  cotton  wool  and  oiled  silk  or 
gutta  percha. 

When  the  renal  permeability  is  impaired  it  should  not 
be  made  use  of,  or,  if  so,  only  when  great  precautions 
are  taken. 

One  of  the  greatest  drawbacks  of  this  remedy  is,  as 
already  mentioned,  its  persistent  and  disagreeable  smell, 
which  is  unendurable  to  many  patients.  Hence  another 
substance  has  been  sought  for,  which,  while  possessing 
the  same  therapeutic  virtues,  might  yet  be  free  from  this 
objection.  This  substance  has  been  found  by  Bourcet, 
and  has  been  studied  by  Bardet  and  Chevalier ;  it  is 
ulmarene. 

Ulmarene  is  a  mixture  of  salicylic  ethers  of  alephatic 
alcohols  of  high  molecular  weight.  It  occurs  in  the 
form  of  a  heavy,  refracting,  slightly  rose-coloured  liquid, 
which  is  almost  completely  odourless ;  it  is  insoluble  in 
water,  but  soluble  in  alcohol,  ether  and  chloroform,  and 
it  contains  75  per  cent,  of  salicylic  acid.  It  possesses 
exactly  the  same  analgesic  properties  as  salicylate  of 
methyl,  and  is  absorbed  by  the  skin  with  the  same 
facility.  But  it  is  got  rid  of  more  slowly ;  its  elimina- 
tion may  be  prolonged  for  3  or  4  days  after  the  cessation 
of  the  administration  of  the  remedy.  But  its  toxicity  is 
markedly  less,  and   it  can  be  taken  in  quantity  up  to 
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5  grammes  ^^^'o  die  without  causing  accidents.  Finally, 
it  does  not  seem  to  affect  the  temperature,  but  its 
influence  on  the  kidney  remains  sensibly  the  same. 

Hence  it  follows  that  ulmarene,  almost  free  from 
unpleasant  odour  and  less  toxic,  though  possessing 
equally  defined  analgesic  powers,  may  advantageously 
replace  salicylate  of  methyl  as  regards  all  its  therapeutic 
purposes.  It  is  made  use  of  in  the  same  manner,  and  in 
the  same  quantity  as  is  the  last-mentioned  medicament. 
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X. 

THE  ANTIPYEETICS. 

1.  Fever  and  its  Indications. 

Of  all  abnormal  phenomena  affecting  the  human 
body  fever  is  perhaps  the  most  common.  Hence  all 
the  different  schools  of  medicine,  both  ancient  and 
modern,  have  endeavom-ed  to  explain  its  mechanism 
and  its  meanmg.  But  in  spite  of  the  great  number  of 
theories  and  researches  we  hardly  know  anything,  even 
at  the  present  time,  of  the  real  nature  of  fever,  and  are 
still  in  need  of  a  rational  therapeusis  for  the  same. 

So  far  as  we  are  aware,  fever  is  but  a  symptom,  and  a 
complex  one,  whose  most  striking  and  constant  character 
consists  in  abnormal  elevation  of  the  body  temperature, 
hyperthermia. 

But  there  is  a  real  difference,  although  one  often 
difficult  to  appreciate,  between  fever  and  hyjjertliermia, 
since  in  fever  the  existence  of  hyperthermia  is  accom- 
panied with  disturbances  of  secretion,  respiration,  of  the 
heart's  action,  and  of  that  of  the  nervous  system. 

When  the  causes  of  fever  are  left  out  of  account,  it  is 
clear  that  febrile  hyperthermia  is  merely  an  exaggeration 
of  the  normal  thermogenetic  processes.  It  will,  therefore, 
be  advisable  to  briefly  recapitulate  the  principal  features 
of  physiological  thermogenesis.^ 

1  Cf.  J.  Laumonier,  "  Physiologie  generale  "  :  "  Thermogenese," 
pp.  491  ef  seq, 

M.T.  T 
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In  adult  man  the  mean  temperature  in  repose  is  37°  C, 
but  in  the  same  person  this  temperature  is  not  abso- 
lutely invariable.    Under  normal  circumstances,  it  alters 
according  to  the  part  of  the  body  considered  and  certain 
external  conditions.      From  the   point  of   view  of   the 
locality,  the  temperature  of  the  periphery  is  obviously 
lower   than   that   of   the   deep  parts,  and   that  of   the 
extremities  than  that  of  the  trunk.     According  to  CI. 
Bernard,  the  deeper  regions  may  be  divided  into  three 
zones  in  accordance  with  the  temperature  of  the  blood  : 
the  peripheral  zone,  in  which  the  venous  blood  is  colder 
than  the  arterial ;  the  central  zone,  in  which  the  venous 
blood  is  warmer  than  the  arterial ;  the  pulmonary  zone, 
in  which  the  arterial  blood  of  the  pulmonary  veins  is 
colder  than  the  dark  blood  of  the  arteries.   The  rhythmi- 
cal daily  variations  of  temperature,  observed  by  Jiirgensen, 
Billet,  Ch.  Piichet,  &c.,  must  also  be  noticed.    According 
to  these  authors  the  minimum  temperature  of  the  twenty- 
four  hours  is  observed  in  man  at  4  a.m.  (36°*5),  and  the 
maximum   towards    4   p.m.    (37°*5).      Eichet   does    not 
attribute  this  rhythmical  variation  to  digestion,  nor  to  the 
surrounding  temperature,  nor  to  the  effects  of  work,  but 
he  thinks  that  it  has  a  nervous  origin.   It  may  be,  too,  as 
in  the  periodicity  of  sleep,  that  the  accumulation  of  certain 
waste  products  (hyperthermisants,  convulsivants) ,  which 
are  met  with  more  especially  in  the  urine,  may  also  have 
an  influence  in  this  matter.     These  waste  products  are 
found  in  the  morning's  urine,  and  it  may  be  that  they 
awake   the  patient.      They   are  not   wholly   eliminated 
until  the  afternoon,  while  the  waste  matters  which  induce 
sleepiness   are   particularly   prominent   in   the   evening 
urine  and  that  of  the  early  night  hours.     However  this 
may  be,  we  have  observed  that  in  persons  who  work 


FEVEE  AND  ITS   INDICATIONS.        .  275 

during  the  night  and  rest  during  a  portion  of  the  day,  the 
hours  of  maximum  and  minimum  temperature  change 
markedly.  Lastly,  the  temperature  varies  according  to 
age  (the  average  is  37°*5  in  the  child,  37°  in  the  adult, 
36°*5  in  the  old),  but  less  markedly  according  to  sex  and 
race. 

As  regards  external  conditions,  alimentation  does  not 
seem  to  have  any  definite  influence,  for  an  evening  meal 
does  not  prevent  the  fall  of  temperature  which  begins  at 
4  P.M.  Nevertheless,  after  a  full  meal,  a  marked  peripheral 
vaso-dilatation  is  sometimes  observed.  In  inanition  the 
temperature  falls  iii  the  first  instance  and  then  remains 
stationary,  and  it  is  only  shortly  before  death  that  a 
marked  and  abrupt  fall  takes  place. 

The  variations  of  the  temperature  of  the  surrounding 
medium  do  not  affect  in  any  marked  degree  the  physio- 
logical temperature  in  warm-blooded  animals  and  man, 
owing  to  the  phenomena  of  nervous  auto-regulation  which 
manifest  themselves  in  order  to  counteract  these  variations 
of  temperature  when  they  attain  a  certain  amplitude. 
When  the  external  temperature  rises,  the  influences  by 
which  a  loss  of  bodily  heat  is  effected  come  into  action, 
i.e.,  dilatation  of  peripheral  vessels,  sweating  and 
evaporation  by  the  skin  and  by  the  lungs,  the  latter 
being  particularly  active  in  those  animals  which  do  not 
perspire,  in  whom  a  marked  acceleration  of  respiration 
occurs  {thermic  iJolyimcea  of  Kichet).  Obviously,  under 
these  circumstances,  the  movements  of  the  air  and  its 
hygrometric  condition  favour  or  hinder  evaporation  and 
consequently  refrigeration.  On  the  contrary,  when  the 
temperature  of  the  surrounding  medium  falls,  vaso- 
constriction occurs  peripherally ;  there  is  further  an 
increase   in  the  activity  of   the   exchanges  and  of  the 

t2 
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nervous  reaction  upon  the  muscular  system,  which  is 
expressed  hj  rigor  or  a  generalised  muscular  contraction. 

The  controlling  apparatus  may  also  be  put  into  action 
by  an  excitation  of  central  origin,  and  in  this  case 
peripheral  excitations  do  not  take  any  part,  or  at  most 
only  a  secondary  one,  in  the  appearance  of  the  reactional 
phenomena  ;  hence  it  is  the  thermic  elevation  or  depres- 
sion of  the  interior  medium  and  of  the  tissues  which 
initiates  them. 

Thus  the  rigor  may  be  of  peripheral  origin,  and  be 
simply  produced  by  the  external  impression  of  cold  upon 
the  centripetal  nerve-endings  ;  but  it  may  also  be  of 
central  origin,  and  be  provoked  by  the  direct  excitation 
of  the  nerve  centres  by  chilled  blood.  In  the  latter  case 
the  rigor  occurs  later  than  in  the  former ;  in  the  same 
way  the  cooling  which  is  manifest  through  the  secretion  of 
sweat,  the  abundant  evaporation  of  water  at  the  cutaneous 
surface,  and  vaso-dilatation,  may  be  of  peripheral  origin 
when  it  is  excited  by  elevation  of  the  surrounding  tempera- 
ture (if  the  air  is  not  saturated),  and  may  also  be  of 
central  origin  when  the  internal  elevation  of  temperature 
is  provoked  by  excessive  muscular  activity,  by  excessive 
oxidation,  over-activity  of  the  glandular  functions,  or  of 
those  of  the  liver,  &c.,  all  these  being  normal  factors  of 
thermogenesis. 

This  regulative  mechanism  is,  however,  only  capable 
of  strictly  maintaining  the  physiological  temperature  if 
the  excitations  are  not  too  strong,  for  if  this  is  the  case 
the  consequent  reaction  exceeds  the  normal  limits.  Thus 
a  prolonged  cold  bath,  which  has  reduced  temperature 
by  2°  or  3°,  is  followed,  after  some  hours,  by  a  reaction 
in  which  the  temperature  exceeds  the  normal. 
Professor  Bouchard  cites  the  case  of  certain  patients- 
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who,  having  swallowed  carbolic  acid,  experienced  a  fall 
of  temperature  at  first  to  34P'8,  with  coma,  and  then 
after  a  few^  hom\s  the  temperature  rose  to  41*8,  returning 
the  next  day  to  the  normal.  In  the  same  way,  after 
hard  work,  or  after  vapour  baths,  the  temperature  may 
in  the  first  instance  rise  to  38°  or  39°,  then  a  progressive 
fall,  sometimes  below  36°,  may  ensue,  to  be  followed  only 
later  by  normal  temperature.  These  facts  show  that  the 
variations  of  temperature,  when  they  attain  a  certain 
amplitude,  have  a  tendency  to  compensate  themselves, 
and  this  has  been  stated  by  Jiirgensen  in  his  Law  of 
Comiiensations,  which  may  be  thus  formulated  :  "  The 
compensatory  effort  and  the  amplitude  of  the  oscillations 
are  proportioned  to  the  extent  of  the  first  deviation."^ 

These  abnormalities  of  the  regulative  mechanism  are 
genuine  reactional  fevers,  and  they  enable  us  to  gain  an 
insight  into  the  mode  of  production  of  morbid  elevations 
of  temperature.  In  fever,  whether  nervous  or  toxic,  the 
regulative  mechanism  is  interrupted,  according  to  Traube, 
who  thinks  that  it  is  due  to  the  constriction  of  the  peri- 
pheral vessels  and  to  the  suppression  of  cutaneous 
evaporation,  i.e.,  to  a  diminution  of  the  normal  loss  of 
heat  by  radiation.  On  the  other  hand,  Eegnard  and 
Richet  have  shown  that  in  fever,  inasmuch  as  there  is 
also  an  increase  in  the  production  of  heat  by  increase 
of  the  deep  oxidations,  it  is  not  merely  a  question  of  a 
diminution  in  the  activity  of  the  cooling  process,  but 
that  as  the  deep  oxidations  involve  an  augmentation  of 
respiratory  exchanges,  it  follows  that  fever  tends  to 
spontaneously  increase  (Ch.  Eichet).  Thus  in  fever 
there    would   be   both    diminution    in    the    process    of 

1  Guinon  :  "  De  la  fievre  "  ("Pathol,  generale  de  Boucliard," 
tome  III.,  p.  14). 


278    NEW  METHODS  OF  TEEATMENT. 

refrigeration  and  increased  heat  production  ;  the  first 
would  explain  the  secretory  troubles,  the  second,  the 
respiratory  abnormalities  and  the  frequency  of  the  pulse. 
As  the  result  of  their  researches  on  the  chimisme  respira- 
toire,  and  the  urinary  exchanges,  chiefly  in  typhoid  fever, 
Kobin  and  Binet  have  arrived  at  the  conclusion  that 
there  are  two  types  of  fever  which  differ  in  their  symptoms, 
prognosis  and  treatment.  The  first  type  is  that  form 
of  fever  in  which  the  hyperthermia  is  accompanied  with 
an  increase  of  oxidations  and  of  the  exchanges ;  the  second 
is  that  in  which  the  hyperthermia  is,  on  the  contrary, 
attended  with  diminution  in  the  oxidations  and  exchanges. 
The  first  form  is  purely  reactional ;  it  should  not  be 
combated,  but  encouraged,  for  it  points  out  that  the 
natural  defences  of  the  organism  have  come  into  action  ; 
its  prognosis  is  favourable.  The  second  variety  is,  on  the 
contrary,  toxic  ;  all  its  symptoms  must  be  combated,  and 
an  endeavour  made  to  restore  the  oxidations,  by  cold 
bathing  for  example.  Its  prognosis  is  much  more 
serious.  But  it  must  be  remembered  that  this  arrange- 
ment is  by  no  means  absolute,  since  in  tuberculosis, 
in  which  fever  is  accompanied  with  an  increase  of  all 
the  exchanges,  indeed  with  a  veritable  consumption,  it 
is  necessary  to  moderate  the  hyperthermia  and  the 
oxidations. 

The  evolution  and  the  course  of  the  fever  are  sub- 
ordinated to  its  cause  and  to  the  intensity  of  the  defensive 
reaction.  This  is  so  obvious  that  it  is  needless  to  dwell 
upon  the  fact.  Fevers  are  divided  into  two  classes  from 
the  pathogenic  point  of  view :  those  which  are  functional, 
nutritive  and  nervous  and  due  to  exaggerated  functional 
activity,  the  result  of  intense  excitation;  and  those  which 
are  toxic,  being  the  result  of  auto-  or  hetero-  intoxication. 
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Amongst  the  functional  fevers  must  be  mentioned : 
muscular  fever,  which  is  fleeting  and  slight;  it  is 
due  to  considerable  muscular  exertion,  and  Guinon  allies 
to  it  the  fever  of  child-birth  of  Pinard ;  digestive  fever, 
and  secretory  fever  (milk  fever  ?)  ;  and,  lastly,  the 
various  nervous  fevers  of  reflex  or  central  origin,  such  as 
those  which  are  caused  by  emotion  in  certain  debilitated 
subjects  and  which  follow  quite  trivial  causes,  such  as 
hysterical  fever  and  neuro-traumatic  fever,  which  occa- 
sionally follows  slight  traumatism  of  certain  nerve  centres, 
and  the  fever  which  sometimes  attends  severe  paroxysms 
of  pain,  apart  altogether  from  septic  influence  (hepatalgia, 
nephritic  colic,  &c.). 

The  toxic  fevers  are  usually  of  longer  duration  and  are 
more  severe  and  numerous.  The  fever  of  auto-intoxication 
results  from  the  accumulation  of  waste  products  of  func- 
tional activity  which  act  on  the  thermogenetic  centres,  or 
which,  in  order  to  become  soluble  or  to  be  eliminated, 
appropriate  a  large  quantity  of  oxygen.  Gouty  fever, 
that  of  chlorosis,  of  constipation,  of  overfeeding  and  of 
growth  are  included  in  this  category,  as  is  also  the  fever 
of  asphyxia,  and  the  pyrexia  which  accompanies  the 
absorption  of  extravasated  blood  from  traumatism. 

The  fevers  due  to  hetero-intoxication  are  divided  into 
two  groups ;  the  first,  rare  however,  contains  those  which 
are  caused  by  the  ingestion  of  a  poison  possessing  the 
power  of  inducing  pyrexia.  These  poisons  are  strychnine, 
eserine,  nicotine,  picrotoxin,  caffeine,  curari,  certain  tissue 
poisons  of  serum,  urine,  &c.  The  second  group  is  made 
up  of  those  fevers  which  own  a  toxic  microbic  origin,  i.e., 
are  due,  not  to  the  presence  of  the  microbe  itself,  but 
to  that  of  its  soluble  j)roducts,  its  toxins.  In  other 
words,  these  are  the  fevers  of  all  the  infections.     In  order 
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to  explain  them,  Eoger  has  propounded  an  ingenious 
theory.  According  to  this  author,  the  microbic  poisons 
are  really  apyrexial  in  large  doses,  inasmuch  as  they 
cause  death  by  collapse.  Hence,  infective  fever  is  not 
due  to  the  direct  action  of  these  poisons,  but  rather  to  a 
reaction  of  the  organism,  a  reaction  which,  in  conformity 
with  Jiirgensen's  law,  exceeds  the  physiological  limit,  and 
raises  the  temperature  to  a  greater  or  lesser  extent.  The 
proof  of  this  statement  is  that  toxi-microbic  hyperthermia 
is  usually  preceded  by  rigors — a  reaction  against  hyper- 
thermia whose  meaning  we  are  acquainted  with — and 
which  would  be  useless  and  inexplicable  if  toxins  were 
really  thermogenous.  Further,  in  those  infections  which 
are  serious  and  rapidly  fatal,  as  in  cholera,  there  is  a  fall 
of  temperature,  and  fever,  when  it  does  occur,  is  a  favour- 
able symptom.  In  other  infections,  at  an  early  stage 
while  the  vital  forces  are  still  active,  fever  is  observed  ; 
but  later,  when  death  is  approaching,  when  the  economy 
is  altogether  ruined,  and  its  defensive  reactions  are 
exhausted,  the  temperature  falls  below  the  normal  because 
the  only  forces  left  in  action  are  the  apyrexial  toxins.^ 

Although  this  is  a  very  attractive  explanation,  it  is 
yet  far  from  being  applicable  to  every  case ;  for  certain 
toxins  of  microbic  origin  have  marked  pyrexial  powers, 
and  further,  in  infectious  fevers,  the  defensive  reaction 
is  no  longer  the  sole  cause  of  the  hyperthermia.  This 
explanation  is  not,  however,  unconnected,  at  all  events 
from  the  therapeutical  standpoint,  with  that  of  Eobin  and 
Binet,  since  it  shows,  as  does  the  latter,  that  there  are 
eases  in  which  it  is  not  desirable  to  oppose  the  fever,  and 
others  in  which  on  the  contrary  it  should  be  actively 

1  Of.  Roger:  "Introduction  a  1' etude  de  la  medecine  "  (Paris, 
1899). 
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combated.  As  a  matter  of  fact,  reactive  hyperthermia 
is  due  to  abnormal  metabolism,  and  to  an  increase  in  the 
activity  of  the  exchanges  which  modifies  nutrition  and 
stimulates  phagocytosis,  the  antitoxic  power,  the  vital 
resistance,  as  has  been  shown  by  the  experiments  of 
Walther,  Loevy,  Kichter,  Filhene,  Hildebrand,  and 
Cheinesse.  But  pure  toxic  fever,  where  reactional 
pyrexia  does  not  occur — as  in  serious  cases  of  typhoid 
fever  in  which  all  the  exchanges  are  diminished — or  only 
occurs  secondarily — as  in  febrile  tuberculosis,  when  all 
the  exchanges  are,  on  the  contrary,  augmented — is  far 
from  indicating  the  vital  resistance,  the  struggle  of  the 
organism,  but,  on  the  contrary,  it  points  out  the 
continually  increasing  power  of  the  toxic  element. 

Hence  the  conflict  must  be  waged  with  this  latter,  and 
for  this  purpose  certain  means  are  at  our  disposal  of 
which  some  act  by  favourably  influencing  the  exchanges, 
while  others  are  adapted  for  the  treatment  of  the  fever 
itself,  especially  affecting  the  hyperthermia,  which  they 
reduce.  We  shall  here  leave  on  one  side  the  first  (stimu- 
lants, oxidising  agents,  baths,  wet  packing,  &c.),  and 
shall  confine  our  attention  to  the  most  interesting  of 
the  new  antipyretics. 

2.  New  Antipyretics. 
A.  Euqidnine. 

Q  (]20  JJ23  M2  Q 

The  formula  of  euquinine  is  C  O^q  ^o  tto  ;  it  is 

ethylcarbonic  ether  of  quinine,  and  is  therefore  a  syn- 
thetic product  resulting  from  the  treatment  of  quinine 
with  ethylcarbonic  acid.  It  forms  fine,  white  needles 
which  melt  at  95°  C,  is  soluble  in  alcohol,  ether  and 
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chloroform,  but  little  so  in  water.  With  litmus  paper  it 
gives  a  basic  reaction,  and  it  combines  with  acids  to  form 
crystalline  salts.  It  is  almost  tasteless,  which  gives  it  a 
marked  advantage  over  the  usual  salts  of  quinine,  and  is 
but  faintly  bitter,  the  bitterness  being  easily  covered  by 
syrup,  milk,  cocoa,  and  broth.  But  the  hydrochloride  has 
a  more  marked  and  disagreeable  taste,  while  the  tannate 
of  euquinine,  sometimes  employed,  is  free  from  all 
unpleasant  savour. 

Euquinine  is  well  borne  by  the  stomach ;  it  causes 
neither  vomiting  nor  dyspeptic  symptoms,  and  those 
characteristic  of  quinine  poisoning — headache  and  buzz- 
ing in  the  ears — never  ensue.  Its  ingestion  is  followed 
by  two  different  series  of  phenomena,  of  which  the  one  is 
quickly  developed  and  the  other  only  appears  after  some 
time.  The  first  group  includes  the  fall  of  temperature 
which  has  been  recognised  by  all  authors,  von  Noorden, 
Overlach,  Galiner,  Thomas,  Panegrissi,  Fauser,  Mori, 
Bianchi,  Bardet,  &c.,  as  occurring  in  every  case  of 
pyrexia,  whether  the  fever  is  periodic  or  not.  But  the 
very  remarkable  power  of  this  drug  over  malarial  fever 
and  other  kindred  affections  proves  that  the  antipyrexial 
qualities  of  euquinine  are  partially  united  with  its  anti- 
septic influence  with  regard  to  the  microbes  of  malarial 
fever. 

The  second  group,  containing  those  results  which  are 
observed  only  after  a  lapse  of  time,  when  euquinine  is 
given  for  long  periods,  includes  an  increase  in  number  of 
red  corpuscles  and  of  the  haemoglobin  contents  of  the 
blood,  as  observed  by  Overlach.  In  connecting  this 
action  with  the  antibacterial  influence  of  the  remedy, 
Bianchi  draws  the  conclusion  that  this  drug  acts  in  a 
special  manner  upon  the  spleen,  and  generally  upon  the 
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haematopoietic  organs.  In  small  closes  enqiiinine  exerts 
the  tonic  effects  which  follow  the  administration  of 
similar  doses  of  quinine.  Lastly,  according  to  Panegrissi 
and  Gammarelli,  the  elimination  of  euquinine  by  the 
urine  commences  half  an  hour  after  its  ingestion  ;  the 
elimination  attains  its  maximum  in  seven  hours,  and 
after  forty-eight  hours  no  trace  of  the  drug  can  be  detected 
in  the  urine. 

From  what  has  just  been  said,  it  is  easy  to  gather  the 
therapeutical  indications  for  the  employment  of  euquinine. 
According  to  the  Italian  physicians,  who  are  in  a  position 
to  form  a  competent  opinion  on  the  subject,  euquinine  is 
the  best  antimalarial  drug,  particularly  in  the  case  of 
young  people,  as  is  maintained  by  Bianchi,  and  a  dose  of 
1  grm.  to  1*50  as  a  rule  suffices  to  bring  the  attack  to  an 
end.  In  the  several  varieties  of  intermittent  fever,  the 
same  satisfactory  results  follow  the  use  of  the  remedy. 
Its  antipyrexial  action  is  not  less  well  defined  in  other 
fevers,  and  this  is  the  more  satisfactory,  inasmuch  as  the 
remedy,  even  in  large  doses,  does  not  cause  any  secondary 
accident  or  untoward  symptoms.  Von  Noorden,  who 
was  the  first,  in  1896,  to  investigate  euquinine,  considers 
that  2  grm.  of  this  remedy  correspond  exactly,  as  regards 
results,  to  1  grm.  of  a  soluble  salt  of  quinine.  And  in 
pneumonia,  typhoid  fever,  and  hectic  fever  of  tuber- 
culosis the  same  satisfactory  results  have  been  obtained 
by  the  use  of  this  drug  as  when  quinine  was  employed. 
But  euquinine  possesses  the  incontestable  advantage  of 
being  almost  devoid  of  bitterness,  so  that,  as  Bardet  has 
observed,  the  drug  may  be  added  to  fluid  aliments  or 
fruit  syrups,  and  consequently  may  be  administered  in 
small  doses  frequently  repeated.  This  advantage,  when 
taken  in  connection  with  its  slight  toxicity  and  with  the 
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fact  that  it  is  well  tolerated  by  the  most  feeble  stomach, 
and  farther  that  no  head  symptoms  follow  its  use,  renders 
euquinine  an  extremely  useful  drug  in  the  pyrexia  of 
children.  In  whooping-cough  its  use  causes  an  improve- 
ment which  is  often  positive.  Lastly,  Overlach  has 
obtained  excellent  results  from  its  prolonged  adminis- 
tration, in  small  doses,  in  chlorosis  and  anaemia  in 
consequence  of  its  haematopoietic  action. 

Euquinine  is  generally  given  in  cachets  of  from 
0  grm.  '25  to  1  grm.  for  adults  once  or  twice  a  day ;  the 
smaller  doses  are  used  in  cases  of  continued  fever,  while 
the  larger  are  employed  in  those  of  malarial  fever.  For 
children  doses  of  from  0  grm.  '10  to  0  grm.  '15,  repeated 
several  times  ]}ro  die,  are  administered ;  the  drug  may 
be  given  with  s^'rup  or  in  water,  milk  or  broth,  &c. 
When  thus  used  euquinine  is  always  well  taken  by 
children. 


B.  Pijvamidon. 

Pyramidon  is  a  once  amidated  and  twice  methylated 
derivative  of  antipyrin ;  it  is  dimethylamido-antipyrin 
or  dimethylamido-phenyldimethylpyrazolon,  to  which 
Filhene,  of  Breslau,  who  made  use  of  it  for  the  first 
time,  has  given  the  name  by  which  the  drug  is  at 
present  known.  Pyramidon  is  a  crystalline  powder  of 
a  yellowish  white  colour,  tasteless,  and  soluble  in  10 
parts  water. 

As  regards  its  elimination,  Hoffmann  has  demonstrated 
that  pyramidon  breaks  up  in  the  organism  ;  in  tubercular 
subjects  not  a  trace  of  it  can  be  detected  in  the  excreta, 
but  in  health  the  remedy  is  never  totally  decomposed, 
about  1  per  cent,  being  detected  in  the  urine.    Further, 
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in  animals  subjected  to  the  toxic  influence  of  the  drug  the 
author  has  detected  pyramidon  in  the  alcohol  extract  of 
the  blood,  liver,  kidney,  and  small  intestine,  as  also  in 
the  muscles,  but  he  has  not  succeeded  in  ascertaining 
in  what  locality  of  the  organism  the  drug  is  decomposed. 

The  properties  of  this  new  remedy  are  very  interestingly 
elucidated  by  the  law  established  by  Dujardin-Beaumetz 
and  Bardet.^  It  is  proved  by  this  law  that  the  amidated 
derivatives  of  the  aromatic  series  are  endowed  with  marked 
antipyretic  powers,  while  the  methylated  derivatives  act 
as  powerful  analgesics.  And,  indeed,  pyramidon,  con- 
formably to  this  law,  is  a  very  active  antipyretic  in 
virtue  of  its  amidated  molecule,  and  at  the  same  time 
is  also  an  effective  nervine  in  right  of  the  two 
methylated  groups  which  have  been  integrated  in  the 
molecule  of  antipyrin. 

It  seems  that  pyramidon  acts  almost  in  the  same 
manner  on  the  nervous  system  as  does  antipyrin;  it 
also  increases  the  blood  pressure,  and  markedly  lowers 
the  temperature ;  but  this  reduction  of  temperature 
appears  to  be  due  to  the  regularisation  and  augmenta- 
tion of  the  loss  of  heat  rather  than  to  a  decrease  in 
its  production,  because,  as  will  be  shown  further  on, 
pyramidon  seems  to  exert  a  positive  influence  on  the 
nutritive  exchanges.  From  this  point  of  view  it  follows 
that  pyramidon  is  all  the  more  useful,  inasmuch  as  no 
fears  need  be  entertained  during  its  administration  that 
those  secondary  effects  will  be  induced  which  are  the 
result   of    diminished   oxidation,   the   integrity   of    the 

1  Dujardin-Beaumetz  and  Gr.  Bardet:  "Note  surl'action  physio- 
logique  de  la  methylacetanilide  et  sur  Taction  comparee  des  com- 
poses de  la  serie  aromatiqne"  (0.  E.  Ac.  des  Sciences,  March  23rd, 

1889). 
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oxidative  process  being  a  most  important  factor  in  the 
struggle  with  febrile  activity. 

Yet  it  cannot  be  said  that  in  all  respects  pyramidon 
exactly  resembles  antipyrin  in  its  action.  In  the  first 
place,  if  given  in  the  same  dose,  it  is  more  than  three 
times  more  powerful  than  the  latter  drug  in  man  ;  in  the 
second  place,  its  action  is  slower,  about  two  hours  being 
required  for  its  power  to  declare  itself.  But  although 
slower  in  its  evolution,  its  action  is  much  more  durable 
than  is  that  of  antipyrin.  Thus  it  may  be  affirmed  that 
pyramidon  acts  more  gently  and  more  temperately  than 
does  antipyrin,  and  that  its  effect  is  also  far  more 
lasting. 

The  analgesic  properties  of  the  drug  manifest  the 
same  peculiarities  ;  slower  in  their  development,  they 
yet  persist  for  a  longer  period.  Lastly,  pyramidon 
would  appear  to  possess  the  very  important  quality  of 
not  inducing  any  untoward  secondary  effect :  neither 
vomiting  nor  marked  uneasiness  follow^s  its  administra- 
tion ;  it  seems  to  be  endowed  with  diuretic  qualities,  and 
heart  affections  do  not  contraindicate  its  use. 

Kesearches  undertaken  by  Wihl,  Spiro,  and  Filhene 
on  the  blood  of  animals  treated  by  pyramidon  have  not 
revealed  the  presence  of  any  material  alteration  in  this 
fluid ;  neither  the  blood  corpuscles  nor  the  haemoglobin 
were  modified  or  altered.  Post-mortem  examination  of 
animals  to  which  toxic  doses  of  the  drug  have  been 
given  does  not  reveal  the  presence  of  haemorrhages,  or 
of  fatty  degeneration  of  organs,  or  of  any  obvious  changes 
in  the  vascular  system.  Bertherand  has  occasionally 
noticed  profuse  sw^eating  to  follow  the  employment  of 
the  drug,  but  this  chiefly  in  tubercular  subjects ;  and 
Gerest  and  Kigot  in  typhoid  fever  have  observed  slight 
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sweat  rashes  as  the  result  of  its  administration.  These 
trifling  drawbacks,  which  are  always  most  marked  in 
phthisical  patients,  have  suggested  to  Bertherand  the 
propriety  of  making  use  of  combinations  of  camphoric 
or  salicylic  acid  with  pyramidon.  The  bicamphorate 
of  pyramidon  has  been  successfully  employed  in  tuber- 
culous patients,  and  salicylate  of  pyramidon  in  those 
suffering  from  rheumatism.  Once  only  when  this  salt 
was  employed  has  a  trifling  urticarial  erythema  been 
observed. 

To  sum  up,  it  may  be  said  that  the  antipyretic  and 
analgesic  action  of  antipyrin  and  of  its  amidated  and 
methylated  derivative  are  nearly  allied;  but  that,  at 
the  same  time,  each  has  its  own  influence,  peculiar  to 
itself,  on  the  nutritive  exchanges,  as  has  been  demon- 
strated by  Eobin  and  Bardet.  In  fact,  antipyrin  checks 
the  respiratory  exchanges,  while  pyramidon  appears  to 
increase  them,  and  sometimes  to  a  fairly  marked  degree. 
Antipyrin  diminishes  the  amount  of  urea  as  compared 
with  the  total  nitrogen  ;  pyramidon  increases  it  from 
about  10  per  cent.,  according  to  Bertherand.  The 
effect  of  camphorated  pyramidon  is  similar,  for  this  drug 
in  a  case  of  influenza  observed  by  Bardet  caused  an 
equivalent  elevation  of  the  coefficient  of  nitrogenous 
metabolism.  The  antagonistic  powers  of  these  two 
drugs  on  the  general  metabolism  are  of  great  therapeutic 
value,  for  while  pyramidon,  in  consequence  of  its  influence 
in  increasing  the  organic  exchanges,  is  greatly  superior 
to  antipyrin  in  the  treatment  of  febrile  maladies,  it  is 
yet  much  inferior  to  the  latter  drug  in  simple  diabetes, 
as  has  been  shown  by  Eobin  and  Bardet. 

In  diabetes  there  is  no  sluggishness  of  nutrition  ;  on 
the  contrary,  the  nutritive  processes  are  all  too  actively 
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carried  out.  Thus  it  follows  that  pyramidon  should 
increase,  and  as  a  matter  of  fact  it  does  increase,  the 
quantity  of  sugar  passed  in  the  urine.  Hence  the  use 
of  the  remedy  is  contraindicated  in  saccharine  diabetes 
and  in  azoturia,  while  antipyrin,  by  its  power  of 
diminishing  nitrogenous  metabolism,  is  a  preferable  drug 
in  these  maladies,  the  result  of  vices  of  nutrition.  Thus 
these  two  substances,  so  similar  in  appearance  and 
possessing  antipyretic  and  analgesic  properties,  yet 
manifest  specific  modes  of  action  which  are  not  merely 
interesting,  but  are  also  of  great  value  in  practice. 

Apart  from  this  formal  contraindication  in  diabetes 
and  azoturia,  pyramidon  gives  very  satisfactory  results, 
on  the  one  hand  when  made  use  of  as  an  antipyretic  in 
simple  or  complicated  pyrexia,  and  more  especially  in 
the  hectic  fever  of  tuberculosis,  in  peritonitis,  typhoid 
fever  (Gerest  and  Kigot),  bronchitis,  pneumonia,  pleurisy, 
influenza,  erysipelas,  and  the  infectious  fevers. 

On  the  other  hand,  the  drug  may  be  advantageously 
employed  as  an  analgesic  in  anaemic  headache,  toxic 
polyneuritis,  intercostal  neuralgia,  the  painful  symptoms 
in  pseudo-leuksemia,  in  those  of  rheumatic  origin,  in  neu- 
ralgia, particularly  in  the  obstinate  relapses  of  trigeminal 
neuralgia,  and  finally  in  the  lightning  pains  of  tabes 
dorsalis  (Legendre  and  Dubois).  It  should  be  mentioned 
that,  for  antipyretic  purposes,  the  bicamphorate  of  pyra- 
midon is  preferable  in  tuberculous  cases,  while,  when 
analgesic  effects  are  desired,  the  salicylate  of  pyramidon 
gives  the  best  results,  assuming,  of  course,  that  there  is 
no  counter  objection  to  its  use.  In  any  case,  whether 
pyramidon  or  its  salts  are  employed,  the  drug  should  be 
administered  at  the  very  commencement  of  the  symptoms, 
or  even  before   this  time   if  their   occurrence   can    be 
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foreseen,  on  account  of  the  relatively  slow  development 
of  the  analgesic  action  of  the  remedy. 

Pyramidon  and  its  salts  may  be  administered  either  in 
cachets  or  in  solution,  the  average  dose  being  from 
0  grm.  "25  to  0  grm.  '60  p7'o  die.  But  the  dose  may 
be  fractionally  increased  up  to  1  grm.  or  1  grm.  "50 
jjro  die ;  Legendre  and  Bardet  have  given  up  to  3  grm. 
of  pyramidon  in  one  day  without  accidents  arising.  In 
solution  of  the  strength  of  1  in  60  the  remedy  may 
be  given  in  tablespoonful  doses,  three  or  four  pro 
die,  for  adults,  and  in  teaspoonful  doses,  three  or 
four  2)ro  die,  for  children.  For  children  this  is  the 
preferable  form  of  administration  of  pyramidon,  for  the 
drug  is  not  only  soluble  in  the  ordinary  vehicles,  but  is 
also  not  unpleasant  to  the  taste  and  is  well  borne. 

Finally,  the  hypodermic  method  of  administration 
has  been  made  use  of  by  Bertherand,  more  especially 
in  sciatica,  with  satisfactory  results,  at  the  rate  of 
10  centigrm.  per  injection,  of  which  one  or  two  are 
administered  j;ro  die.  The  effect  obtained  is  quite  as 
definite  as  when  larger  doses  are  given  by  the  mouth. 

C.  Acetopyrin. 

Acetopyrin  is  acetylsalicylate  of  antipyrin,  or,  in 
other  words,  a  kind  of  combination  of  aspirin  and  of 
antipyrin.  It  occurs  in  the  form  of  a  white  crystalline 
powder  with  a  faint  odour  of  acetic  acid  or  of  vinegar, 
fusible  at  64° — 65°  C,  very  slightly  soluble  in  cold  water, 
more  so  in  hot  water,  and  soluble  in  alcohol  and 
chloroform. 

It  gives  the  same  reactions  as  antipyrin,  and  turns 
red  when  treated  with  perchloride  of  iron. 

M.T.  u 
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This  new  product  seems  to  possess  the  same  properties 
as  its  constituents,  saHcylic  acid  and  antipyrin,  and  it 
has  therefore  antiseptic,  antipyretic,  and  analgesic 
virtues.  Its  toxicity  is  less  than  that  of  salicylic  acid,  for 
even  when  given  in  large  doses  no  serious  accidents 
occur. 

Yollmann,  of  Berlin,  has  shown  that  acetopyrin  is  but 
feebly  decomposed  in  the  gastric  juice.  In  the  intes- 
tines, that  is  to  say  in  an  alkaline  medium,  it  is  dissolved 
and  broken  up  into  its  elements,  with  liberation  of 
salicylic  acid.  From  this  point  of  view  acetopyrin 
exactly  imitates  the  behaviour  of  aspirin  :  thus,  wdien 
the  gastric  secretions  are  healthy,  the  ingestion  of  this 
remedy  is  not  productive  of  any  disturbance,  and  neither 
loss  of  appetite,  nor  vomiting,  nor  pain  in  the  stomach, 
nor  heartburn  arises ;  there  is,  further,  no  buzzing  in 
the  ears,  and  deafness  is  not  complained  of.  Lastly,  no 
untoward  symptoms  seem  to  occur  as  regards  the  kidney, 
for  analyses  of  the  urine  carried  out  each  day  of  treat- 
ment have  never  showai  either  albumin  or  sugar  to  be 
present. 

Acetopyrin  is  a  fairly  good  antipyretic,  causing  on 
the  average  a  fall  of  one  to  one  and  a  half  degrees  in  the 
temperature  ;  it  acts  well  in  typhoid  fever,  pleurisy,  influ- 
enza, and  epidemic  cerebro-spinal  meningitis.  Further, 
owing  to  its  antiseptic  properties,  it  seems,  in  certain 
cases,  to  favourably  influence  the  duration  of  the  disease. 
But  in  septicaemia  it  does  not  appear  to  favourably  affect 
the  septic  phenomena,  and  in  febrile  pulmonary  tubercu- 
losis along  with  a  fall  of  temperature,  w^hich  may  attain 
tw^o  degrees,  profuse  sweating  and  great  depression  are 
observed. 

Like  aspirin,  acetopyrin  is  particularly  efficacious  as 
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regards  pain.  According  to  J.  Winterberg,  Braun,  and 
Bolognesi,  it  gives  satisfactory  results  in  neuralgia, 
sciatica,  polyneuritis,  and  migraine.  But  it  is  chiefly  in 
acute  articular  rheumatism  and  in  muscular  rheumatism, 
according  to  Bolognesi,  that  acetop^^in  produces  the  most 
markedly  successful  effects  ;  as  the  result  of  its  adminis- 
tration both  pain  and  s^Yelling  rapidly  leave  the  affected 
joints,  while  the  rate  of  both  pulse  and  respiration 
frequently  diminishes.  Further,  the  profuse  sweats  which 
are  observed  at  the  commencement,  both  those  which 
are  natural  to  the  disease  and  those  caused  by  the  drug, 
promptly  disappear,  and  a  cure  results  in  from  four  to 
ten  days.  In  chronic  cases  which  have  been  treated 
by  the  salicylates,  acetop^'rin  is  markedly  superior  in  its 
action,  and  the  disagreeable  symptoms  w4iich  are  so  often 
caused  by  the  salicylates,  such  as  abdominal  pain,  nausea, 
buzzing  in  the  ears,  soon  disappear.  Finally,  Bolognesi 
recommends  acetopyrin,  on  account  of  its  antiseptic 
properties,  as  a  good  anti-blennorrhagic,  this  remed}^ 
as  we  have  already  seen,  producing  no  bad  effects  on  the 
renal  parenchyma. 

Acetopyrin  is  preferably  given  in  cachets  containing 
0  grm.  '50 ;  one  of  these  is  taken  every  hour  and  up  to 
3  grm.  may  be  given  j^ro  die.  Winterberg  and  Braun 
have  gone  up  to  7  grm.  jjvo  die  in  cases  of  neuralgia, 
sciatica,  and  polyneuritis  without  the  least  disturbance 
of  bodily  function  being  induced.  Bolognesi  usually 
limits  the  administration  to  three  to  four  doses  of 
0  grm.  '50.  The  remedy  may  also  be  given  in  a  syrupy 
solution,  slightly  alcoholised  to  dissolve  it.  As  the  taste 
of  acetopyrin  is  agreeably  acid,  the  drug  is  always  w^ell 
taken. 
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D.  Citroijlien. 

Citrophen,  discovered  by  J.  Koos,  of  Frankfort,  is'  a 
combination  of  one  molecule  of  citric  acid  with  two 
molecules  of  paraphenetidine.  It  is  a  white  crystalline 
powder,  tasting  and  smelling  slightly  of  citric  acid,  and 
melting  at  181°  C.  It  is  soluble  in  aerated  water.  Alkalies 
and  acids  decompose  this  product  into  its  constituents  ; 
it  is  resolved  in  the  same  way  in  the  economy,  and 
its  therapeutic  virtues  are  those  of  the  substances  of 
which  it  is  composed.  On  the  one  hand,  the  citric  acid 
exerts  a  favourable  effect  on  rheumatic  affections,  and 
on  the  other  the  paraphenetidine  acts  beneficially  on 
pyrexia  and  neuralgia. 

Thus  citrophen  is  at  the  same  time  an  antipyretic  and 
an  analgesic,  and  it  has  also  a  refreshing  effect  in  virtue 
of  its  acidity.  This  preparation  does  not  appear  to  be 
toxic,  or  at  all  events  its  toxic  qualities  are  very  feeble. 
Yet  Schotten  cites  a  case  of  a  young  woman,  aged  20, 
suffering  from  rheumatism  who,  having  taken  1  grm.  of 
the  drug,  presented  marked  symptoms  of  intolerance  of 
the  remedy  :  there  was  severe  head-pain,  noises  in  the 
ears  were  complained  of,  profuse  sweating  ensued,  and 
cyanosis  of  the  face,  lips,  and  hands  was  observed. 

The  rheumatic  pains  were  not  influenced  by  the 
administration  of  the  drug. 

But  this  is  clearly  an  isolated  case,  for  the  majority 
of  authors  who  have  made  use  of  citrophen — Benario, 
Kornfeld,  Hirschkorn,  Bolognesi — have  found  that  it 
causes  no  untoward  symptoms,  neither  nausea,  nor 
vomiting,  nor  heat  of  the  stomach  ;  neither  cyanosis  of 
the  face,  vertigo,  noises  in  the  ears,  nor  a  sense  of 
emptiness  of  the  head,  which  has  been  noticed  to  follow 
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the  use  of  similar  preparations.  As  much  as  up  to 
6  grm.  of  citrophen  have  been  given  without  any 
unpleasant  consequences.  Lastly,  citrophen  does  not 
lose  its  effect  by  repeated  use,  and  it  has  been  shown 
by  Kornfeld  that  it  is  well  borne  by  patients  suffering 
from  heart  disease. 

When  used  for  its  antipyretic  effects,  it  is  found  that 
citrophen  causes  a  drop  in  the  temperature  of  from  two  to 
three  degrees,  and  this  about  two  hours  after  it  has  been 
taken.  But  this  antipyretic  action  is  often  accompanied, 
in  febrile  maladies,  with  sweating  of  variable  intensity, 
which  may  in  febrile  tuberculosis  be  very  debilitating. 
But  in  enteric  fever,  gastritis,  and  influenza  citrophen 
yields  satisfactory  results,  and  in  rheumatic  affections, 
rheumatic  polyarthritis,  and  chronic  arthritis  the  fever, 
according  to  Kornfeld  and  Bolognesi,  rapidly  falls,  the 
pains  cease,  and  the  joint-swelling  disappears.  Kornfeld 
has  also  made  use  of  citrophen  in  morphinism.  In  the 
headache  of  chlorosis  and  anaemia,  in  facial  neuralgia, 
lumbago  and  sciatica,  a  very  rapid  amelioration  of  pain 
has  been  induced,  and  when  citrophen  is  given  in  the 
evening  the  patient  passes  a  quiet  night,  as  Benario  has 
pointed  out.  Finally,  according  to  Hirschkorn,  citrophen 
is  often  useful  in  hysteria,  but  its  effects  are  less  certain 
in  hysterical  neuralgia. 

In  children,  citrophen  gives  very  good  results  in 
quinsies  and  in  certain  of  the  febrile  exanthemata, 
according  to  Kornfeld ;  it  is  useful  also  in  whooping- 
cough.  Tihel,  of  Vienna,  has  pointed  out  that,  in  the 
last-named  malady,  citrophen  diminished  both  the 
intensity  and  duration  of  the  attacks ;  but  Bolognesi 
has  not  found  that  the  drug  has  a  reliable  power  of 
diminishing  the  number  of  attacks,  or  that  it  is  efficacious 
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as  regards  the  spasmodic  element  of  the  affection.  It 
should  be  added  that  this  drug  is  very  valuable  in 
children's  practice,  on  account  of  its  agreeable  and 
refreshing  taste. 

Citrophen  may  be  prescribed  in  cachets,  each  con- 
taining 0  grm.  *50,  of  which  from  two  to  four  or  even 
six  may  be  given  j^^'o  die.  In  children  the  dose  must 
be  reduced,  from  0  grm.  '20  to  0  grm.  '30,  which  may  be 
ordered  in  cachet  or  water,  the  latter  being  sweetened  if 
necessary,  several  times  a  day.  A  2  per  cent,  solution, 
of  which  two  to  four  tablespoonfuls  can  be  taken  pro  die, 
may  be  prescribed. 
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XI. 

ANTISEPTICS. 

1.  Antisepsis. 

Pasteur  and  the  micro-biologists,  by  proving  that  a 
very  large  number  of  diseases  are  due  to  the  presence 
and  development  of  certain  micro-organisms,  have  ren- 
dered great  service,  not  merely  to  prophylaxis,  but  also 
to  therapeutics.  In  truth,  the  very  simple  conceptions 
of  the  early  period  of  research,  according  to  which  each 
pathogenic  bacterium  has  its  own  definite  mode  of  action, 
which  determines,  from  the  simple  fact  of  its  development 
in  the  organism,  such  and  such  a  well-defined  infection, 
have  given  place  to  a  far  more  complex  manner  of  regard- 
ing the  matter,  which,  at  the  present  day,  inclines  to 
emphasise  the  importance  of  the  field  in  which  the  micro- 
organism develops,  the  vital  resistance  and  the  integrity 
of  the  natural  means  of  defence  on  the  part  of  the 
economy.  But  the  therapeutic  measures  adopted  have 
not  materially  changed  since  the  theory  of  Pasteur  was 
first  promulgated,  and  it  is  only  quite  recently  that  a 
tendency  has  arisen  to  substitute  asepsis  for  antisepsis, 
or  to  combine  asepsis  with  those  measures  which  are 
calculated  to  increase  the  vital  resistance  to  the  attacks 
of  microbes.  The  therapeutic  methods  which  are  founded 
on  micro-biology  are,  at  all  events  theoretically,  of  very 
easy  application,  inasmuch  as  they  consist  in  introducing 
into  the  mediurn  in  which  pathogenic  bacteria  develop 
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antiseptic  substances,  i.e.,  matters  which  are  capable  of 
arresting  the  development,  and  even  of  killing,  the 
injurious  elements.  And  the  efficacy  of  this  method 
cannot  be  gainsaid,  as  its  employment  in  practical  sur- 
gery has  rendered  it  possible  to  produce  statistics  which 
show  that  mortality  decreases,  even  in  those  cases  in  which 
surgical  interference  is  considered  to  be  most  dangerous. 
The  antiseptic  treatment  of  internal  maladies  has 
made  less  rapid  progress ;  it  has  not,  however,  been 
neglected,  but  the  results  have  been  but  moderately 
satisfactory.  But  the  difficulties  encountered  in  endea- 
vouring to  procure  internal  antisepsis  are  almost  in- 
surmountable, and  have  only  recently  been  fully  appre- 
ciated, for  the  antiseptic  employed  must  not  only  arrest 
the  development  and  weaken  the  vitality  of  the  patho- 
genic organism  in  question,  but  must  be  so  diluted  as  not 
to  exert  any  injurious  action  on  the  cells  of  the  economy, 
inasmuch  as  this  antiseptic  passes  into  the  circulation 
and  penetrates  all  the  tissues,  in  order  to  exert  its 
disinfecting  properties  wherever  these  are  required. 
Now,  it  is  obviously  very  difficult  to  meet  with  a  sub- 
stance which  shall  be  endowed  with  offensive  properties 
as  regards  microbes,  and  at  the  same  time  be  per- 
fectly innocuous  to  the  tissue  elements.  So  difficult  is 
it  to  meet  with  such  a  substance  that,  so  far,  not  one  has 
been  discovered,  for  all  the  antiseptics  which  are  of  any 
value  are  also  toxic  as  regards  the  organism,  although 
the  degree  of  toxicity  varies  ;  but  this  toxicity,  even 
though  it  may  vary,  is  nevertheless  sufficient  to  upset 
the  metabolism  of  the  tissues,  and  to  diminish  their 
power  of  resistance  and  their  natural  means  of  defence. 
Thus  quinine,  regarded  as  the  accepted  antiseptic  for 
hsematozoa  and  malarial  fever,  and  for  long  years  looked 
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upon  as  harmless,  is  nevertheless,  when  given  in  doses 
which  are  necessarily  frequently  repeated,  a  very  active 
poison  as  regards  certain  anatomical  elements,  and 
particularly  the  red  corpuscles,  and  a  deglobulising 
agent.  It  is  the  same  as  regards  carbolic  acid,  salicylic 
acid,  creosote,  iodine,  mercury,  and  arsenic,  although 
the  two  last-mentioned  drugs  would  seem  to  possess, 
in  small  doses,  the  property  of  arousing  the  activity  and 
increasing  the  number  of  phagocytes.  Further,  a  recent 
observation  of  A.  Kobin^  concerning  the  case  of  a 
syphilitic  woman  who  was  being  actively  treated  with 
mercury,  and  who  succumbed  to  an  attack  of  typhoid 
fever,  inasmuch  as  mercury  was  found  in  the  liver  and 
other  organs,  tends  to  prove  that  these  substances  are 
not  only  toxic  to  the  organism,  but  are  altogether 
powerless  to  kill  many  pathogenic  bacteria. 

The  drawbacks  to  this  method,  which  are  innumerable, 
have  led  to  the  adoption  of  a  new  procedure,  the  aseptic 
method,  which  does  not  aim  at  combating  infection,  but 
rather  tends  to  avoid  it.  Unfortunately  this  method, 
which  does  not  poison  the  organism  or  injure  its  resisting 
power  or  its  means  of  defence,  is  applicable  only  when 
the  infected  focus,  or  that  which  is  liable  to  infection, 
is  directly  and  immediately  accessible,  as  in  the  case  of 
superficial  wounds,  surgical  injuries,  the  mouth,  the 
nasal  fossae,  the  intestine,  the  urethra,  the  vagina,  &c. 
Hence  surgery  has  profited  far  more  than  medicine  from 
this  method,  because  accidents  due  to  the  absorption  of 
iodine,  carbolic  acid,  and  mercury  are  much  less  likely 
to  happen  when  the  remedies  are  applied  locally  than 
when  given  medicinally,  although  it  must  be  allowed 

1  "  Dangers  de  I'antisepsie  interne  "  [Bull,  de  tjieraj).,  April  SOtli, 
1902), 
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that  hj  the  latter  mode  of  administration  good  results 
have  sometimes  been  obtained,  especially  in  gastro- 
intestinal affections. 

Is  this  equivalent  to  saying  that  the  employment  of 
antiseptics  is  always  injurious,  or  merely  useless? 
Certainly  not.  They  are,  on  the  contrary,  capable  of 
rendering,  and  do  render,  when  the  affection  is  localised 
and  its  seat  accessible,  very  real  service.  But  for  success 
to  be  obtained  it  is  necessary  that  certain  conditions  must 
be  fulfilled. 

First  of  all,  as  concerns  a  given  antiseptic,  it  is 
necessary  to  distinguish  between  the  inhihitory  power 
and  the  microbicide  power  of  the  given  antiseptic  ;  the 
first  arrests  the  development  and  the  vitality  of  the 
infecting  germs,  but  does  not  kill  them  ;  the  second  kills 
them  outright.  It  is  obvious  that  the  quantity  of  anti- 
septic required  will  be  less  in  the  first  case  than  in  the 
second.  As  regards  the  microbicide  power,  further, 
account  must  be  taken  of  the  time  which  is  necessary  for 
the  production  of  genuine  sterilisation,  i.e.,  for  the  death  of 
the  microbes  ;  clearly  the  more  concentrated  the  solution 
of  the  antiseptic,  the  more  rapid  the  death  of  the  micro- 
organisms. As  Berlioz  has  well  pointed  out,  the  quantity 
of  the  antiseptic  which  is  lethal  to  the  microbe  has  no 
value  unless  the  time  required  is  indicated.  Thus 
perchloride  of  mercury  is  fatal  to  the  streptococcus, 
according  to  Tarnier  and  Yignal,  in  two  minutes  in  1  in 
1,000  solution,  but  only  in  fifteen  minutes  in  1  in  10,000 
solution.  Thus  it  is  essential,  in  practice,  that  the  condi- 
tions referred  to  should  be  'accurately  stated.  The 
following  tables  are  taken  from  the  work  of  Tarnier  and 
Yignal,^  and  give  for  some  of  the  principal  antiseptics  the 
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inhibitory  quantity  and  that  which  is  microbicide,  as  well 
as  the  length  of  time  required  for  the  efficient  action 
of  the  latter. 


Antiseptics. 

Quantity 
inhibiting. 
Grammes. 

Quantity 

microbicide. 

Grammes. 

Bicliloride  of  mercury 
Biniodicle  of  mercuiy 
Oxy cyanide  of  mercmy 

Sulphate  of  copper 

Th;sTnol  iii  soda  solution 
)8.  Naphthol    ... 
Salicylic  acid  ... 

Phenol 

Boric  acid       

Hydrate  of  chloral 

• 

0-015 

0-040 

0-050 

0-74 

0-165 

0-70 

0-70 

2-00 

3-335 

4-00 

0-05 
0-15 
0-75 
0-95 
0-50 
1-00 
0-835 
3-25 
7-60 
10-00 

If  it  is  assumed  that  the  length  of  application,  by  lavage 
for  example,  does  not  exceed  five  to  ten  minutes,  it  is 
obvious  from  a  glance  at  the  appended  tables  that  very  few 
antiseptics  can  be  successfully  employed,  and  the  more 
so  because  with  many  of  them  the  proportion  per  1,000 
parts  cannot  be  considerably  increased  without  danger 
of  accident  on  account  of  the  toxicity  and  causticity  of 
the  drug.  Further,  even  in  the  smallest  quantity, 
especially  in  the  case  of  young  children  and  sensitive 
persons,  toxic  symptoms  have  been  often  observed, 
especially  as  regards  perchloride  of  mercury,  carbolic 
acid,  and  iodoform. 

The  drawbacks  obviously  are  far  less  frequent  and 
serious  when  the  inhibitory  power  is  alone  needed,  for  in 
this  case,  speaking  generally,  a  quantity  ten  times  less 
than  that  necessary  to  produce  microbicide  action  is 
required.  But  this  inhibitory  action  only  gives  satisfac- 
tory results  when  the  greater  number  of  the  pre-existing 
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Antiseptics. 

Duration 

of  contact  in 

minutes. 

Quantity 

microbicide. 

Grammes. 

Bichloride  of  mercury 

Do. 

Do. 

Do. 
Biniodide  of  mercmy 

Do.           „         „    ... 

Do.           ,,         „    ... 
Iodine  ... 

Do.                

Do.                

Carbolic  acid 

Do.         „     

Permanganate  of  potash 
Sulphate  of  copper    . . . 

Do.        „       „ 

Salicylic  acid 

Thymol  in  soda  solution 
Oxycyanide  of  mercury 
Sulphate  of  copper    ... 
Hydrate  of  chloral    . . . 
Boric  acid 
j8.  Naphthol 

2 

3 

5 

15 

9 

22 

26 

8 

15 

60 

15 

18 

30 

27 

40 

35 

35 

+  60 

+  60 

+  60 

+  60 

+  60 

per  1,000. 

1 

0-50 

0-20 

0-10 

1 

0-50 

0-25 

3 

2 

1 
30 
20 

0-50 
10 

2 

2-50 

1 

1 

5 
20 
30 

0-40 

infectious  germs  have  been  killed  by  a  previous  dose  of 
the  microbicide,  as  is  the  case  when  wounds  and  surgical 
injuries  are  dressed.  It  must  be  added  that  the  alkaline 
antiseptics  are  generally  preferable,  as  they  dissolve 
fatty  matters,  together  with  mucus  and  other  products 
of  secretion,  and  thus  come  into  more  intimate  contact 
with  the  pathogenic  bacteria,  which  are  often  protected 
by  being  covered  up  or  by  the  medium  in  which  they 
develop. 

From  w^hat  has  been  said  it  will  be  obvious  that,  if  the 
difficulties  attending  direct  antisepsis  are  great,  those  of 
internal  or  indirect  antisepsis  are  still  greater,  because 
the  antiseptic  employed  in  this  case  can  only  reach  the 


ANTISEPSIS.  -      BOl 

infectious  germs  which  are  lodged  in  the  deep  organs, 
such  as  the  heart,  liver,  and  brain,  by  passing  into 
the  blood  and  into  the  internal  intercellular  medium, 
the  lymph.  But  should  the  antiseptic  be  poisonous, 
this  passage  of  the  disinfectant  becomes  dangerous  to 
the  organism,  and  grave  accidents  may  ensue.  Hence 
it  follows  that,  as  Bouchard  has  pointed  out,  the 
inhibitory  dose  as  regards  bacteria  must  be  less  than 
the  quantity  which  is  toxic  to  the  economy.  Further, 
the  effects  of  accumulation  must  not  be  overlooked,  and 
these  are  not  uncommonly  observed.  They  are  injurious 
to  the  economy,  of  which  some  organs  may  become 
seriously  affected,  but  they  do  not  seem  to  have  a 
prejudicial  influence  on  the  parasites,  because  the  amount 
of  antiseptic  material  contained  in  the  interior  medium 
varies  relatively  little. 

Lastly,  it  must  not  be  forgotten  that  heat,  the  com- 
bination or  mixture  of  the  antiseptics,  the  nature  of  the 
vehicles  employed,  all  influence  the  action  of  these  sub- 
stances. It  is  admitted  that  warmth  increases  their 
effect,  and  that  when  several  antiseptics  are  combined, 
the  product  is  more  active  than  any  one  of  the  ingredients 
when  used  separately.  But  it  must  be  particularly 
remembered  that  an  antiseptic,  when  in  the  presence  of 
living  tissues,  does  not  behave  as  it  does  in  vitro,  in  the 
laboratory ;  for  the  vital  activity  of  the  tissues  sometimes 
decomposes  it,  and  the  products  thus  yielded  do  not  possess 
the  properties  of  the  original  substance,  either  the  anti- 
septic power  being  diminished  or  the  toxic  influence  being 
increased.  Further,  this  tendency  of  the  body  to  decom- 
pose substances  in  contact  with  it  is  often  made  use  of, 
especially  in  intestinal  antisepsis ;  it  is  in  this  way  that 
iodine  is  disengaged  from  iodoform,  that  salol  yields 
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carbolic  and  salicylic  acid,  and  that  benzo-naphtliol  is 
decomposed  into  benzoic  acid  and  naplithol,  or  phenol 
into  naphthalene.  It  is  sometimes  maintained  that 
these  antiseptics  are  insoluble ;  in  reality  they  are  soluble, 
but  very  slowly,  in  organic  liquids,  and  to  this  slow  and 
slight  solubility  is  due  the  possibility  of  employing  them 
without  serious  drawbacks.  In  the  second  place,  the 
properties  of  antiseptics  are  modified  by  the  vital 
reactions,  which  weaken  in  a  greater  or  lesser  degree 
their  disinfecting  power.  The  fact  is  certain,  but  the 
mechanism  by  which  it  is  effected  remains  obscure.  It 
may  possibly  be  due  to  phagocytosis,  by  which  a  portion 
of  the  antiseptic  is  appropriated,  and  in  this  way  its 
quantity  in  the  medium  diminished.  If  this  were  so,  it 
follows  that  internal  antisepsis,  though  by  itself  of  no 
direct  value,  would,  by  encouraging  phagocytosis,  in  a 
round-about  way  lead  to  the  destruction  of  infectious 
germs. 

However  this  may  be,  internal  general  antisepsis  is 
too  uncertain  and  unreliable,  and  has  given  but  very  pro- 
blematical results,  as  is  proved  by  the  fruitless  endeavours 
to  control  tuberculosis,  enteric  fever,  cholera,  septicaemia, 
&c.,  by  this  method.  Hence  it  is  more  and  more  neglected 
in  favour  of  simple  asepsis,  the  washing  out  of  organs, 
evacuants,  and  more  particularly  of  those  methods  which 
arouse  and  increase  the  natural  means  of  organic  defence 
and  supplement  them  when  they  are  abolished.  General 
antisepsis  will  not  recover  its  former  position  until  we  are 
in  possession  of  antiseptics  which  are  free  from  toxicity 
of  every  kind,  and  with  the  mechanism  of  whose  action 
on  the  economy  we  are  perfectly  familiar.  But  of  anti- 
septics of  this  nature  we  do  not  at  the  present  time  possess 
one,  and  it  is  not  probable  that  many  will  ever  be  available, 
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inasmuch  as,  with  regard  to  this  order  of  chemical  action, 
almost  all  forms  of  protoplasm,  cellular  and  bacterial, 
react  almost  in  the  same  manner  and  are  equally  sensitive. 
As  already  mentioned,  local  antisepsis  has  remained 
more  in  favour  because  it  is  easy  of  application  and  more 
certain,  and  because  it  seldom  leads  to  a  general  intoxi- 
cation ;  and,  further,  when  microbic  infection  is  strictly 
limited,  it  has  given  positive  results.  And  the  number 
of  local  antiseptics  is  constantly  increasing.  We  shall 
here  only  consider  those  which  have  been  most  recently 
introduced,  and  which  appear  to  be  really  useful  in 
the  treatment  of  wounds,  suppurations,  and  localised 
infections. 

2.  Derivatives  of  Silver. 

Nitrate  of  silver  possesses  a  powerful  antiseptic  action, 
especially  as  regards  the  gonococcus.  This  action  does 
not  seem  to  be  the  exclusive  result  of  the  coagulation  of 
albumin  and  of  the  precipitation  of  the  products  of 
union  between  silver  and  albumin,  but  is  also  due  to 
the  presence  of  the  silver  itself,  which  appears  to  be 
anisotonic  to  a  very  high  degree  for  certain  pathogenic 
bacteria.  Thus  the  possibility  of  preparing  a  large 
number  of  derivatives  of  silver  has  been  entertained, 
these  products  being  more  or  less  completely  free  from 
the  drawbacks  of  nitrate  of  silver,  while  yet  preserving 
its  disinfecting  power.  We  shall  consider  here  three  of 
the  newest  and  most  interesting  of  these  products. 

A.  Argonin, 

This  is  a  caseinate  of  silver  which  occurs  as  a  white 
powder  containing  4  per  cent,  of  the  metal :  it  is  soluble 
in  warm  water,  but  less  so  in  cold  water ;    it  is  also 
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soluble  in  albuminous  solutions,  especially  serum,  is  of 
absolutely  neutral  reaction,  but  is  sensitive  to  light,  so 
that  preparations  of  argonin  must  be  kept  in  bottles 
made  of  dark-coloured  glass. 

Argonin  has  been  praised  by  Liebrecht  and  by 
K.  Mayer,  who  have  shown  that  it  is  endowed  with 
genuine  antiseptic  properties,  especially,  like  the  other 
silver  salts,  as  regards  the  gonococcus.  If  these  pro- 
perties are  less  active  than  those  of  nitrate  of  silver 
and  of  argentamine,  yet,  on  the  other  hand,  argonin 
is  far  less  caustic  than  these  latter;  further,  argonin 
possesses  the  advantage  of  losing  to  a  far  less  degree 
than  these  antiseptics  a  portion  of  its  disinfecting  power 
when  it  is  added  to  albuminous  liquids.  As  regards 
activity,  15  parts  of  argonin  are  equivalent  to  1  part 
nitrate  of  silver. 

This  remedy  has  given  very  good  results  in  gonorrhoea 
and  also  in  gonorrhceal  and  purulent  ophthalmia ;  its 
use  is  attended  with  no  drawback,  it  is  not  caustic,  and 
does  not  irritate  the  mucous  membrane.  In  one  case  of 
chronic  urethritis  a  cure  ensued  in  less  than  fifteen  days, 
and  from  the  first  week  gonococci  disappeared  from  the 
discharge.  It  is  employed  in  solutions  of  1  in  50  to 
1  in  100 ;  it  is  advisable  to  add,  as  suggested  by  Bardet, 
one  or  two  drops  of  ammonia  to  100  c.c.  of  the  solution 
in  order  to  increase  the  activity  of  the  remedy. 

B.  Largin. 

Largin  is  a  combination  of  silver  and  of  nucleo- 
albumin,  containing  11*1  per  cent,  of  silver.  It  is  a 
greyish  powder,  somewhat  soluble  (10  per  cent.)  in  water 
and  glycerine,  but  insoluble  in  alcohol  and  ether.     The 
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clear,  watery  solution  has  a  slightly  alkaline  reaction  ; 
it  is  not  precipitated  by  chlorides  or  albumin. 

Largin  was  called  attention  to  by  Pazzoli  in  1897. 
All  those  who  have  made  use  of  the  remedy  attribute  to 
it  an  antiseptic  power  which  is  very  real,  and  especially 
active  against  the  gonococcus;  indeed,  in  this  connec- 
tion the  action  of  largin  is  scarcely  inferior  to  that  of 
argentamine.  And  it  is  well  known  that,  when  employed 
as  a  lethal  agent  of  the  gonococcus,  argentamine  is 
superior  to  all  the  silver  combinations  of  the  same  kind. 
Yet  largin  has  one  drawback — its  slight  causticity, 
which  makes  the  use  of  protargol  preferable  in  cases 
of  great  sensitiveness. 

Largin  is  especially  useful  in  gonorrhoea,  in  which 
it  gives  satisfactory  results.  It  is  employed  in  solu- 
tions of  increasing  strength  from  0*25  per  cent,  to  2  per 
cent.,  of  which  10  c.c.  are  used  as  an  injection  three 
times  a  day,  the  strength  of  the  solution  being  increased 
by  0*25  per  cent,  every  three  or  four  days.  At  the  com- 
mencement of  the  treatment,  which  continues  for  four 
to  five  weeks,  0*25  per  cent,  injections  of  protargol 
may  be  employed ;  these  accustom  the  patient  to  the 
use  of  injections  of  largin,  which  are  more  j)ainful 
and  can  be  administered  later.  When  the  gonococci 
disappear  from  the  discharge  and  the  urine  is  once 
more  clear,  it  is  advisable  to  associate  with  the  largin 
an  astringent  solution,  that  of  Ultzman,  for  example: 

Sulphate  of  zinc  ...  ] 

Alum  ...  ...  r   a  a  0  grm. '25. 

Carbolic  acid  ...  ) 

Distilled. water  ...        200  c.c. 

Lastly,  it  is  important  that  the  urethra  be  carefully 

M.T.  X 
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cleansed  by  two  or  three  injections  of  previously  boiled 
water,  which  are  immediately  retm'ned,  before  making  use 
of  the  largin  injection;  the  latter  should  be  administered 
very  slowly.  If  these  conditions  are  observed,  a  cure  of 
even  the  most  obstinate  chronic  urethritis  is  assured ; 
the  discharge  rapidly  diminishes,  the  gonococci  disappear, 
and  there  is  no  risk  of  any  complication  arising. 


C.  Colloidal  Silver,  or  Collargol. 

Colloidal  silver  is  an  allotropic  modification  of  silver; 
it  was  discovered  by  Carey  Lea,  and  was  first  made  use 
of  therapeutically  by  Crede,  of  Dresden.  It  was  first 
introduced  under  the  form  of  a  blackish  powder,  forming, 
when  dissolved  in  water,  a  dark  brown  opaque  solution, 
which  behaves,  as  shown  by  Lottermoser,  like  all  other 
solutions  of  colloidal  substances.  Iodine,  chlorine,  and 
bromine  form  with  this  substance  iodides,  chlorides,  and 
bromides. 

Danlos  and  Cothereau  have  recently  explained  the 
mode  of  preparation  of  this  product — its  preparation 
being  based  on  the  reduction  of  a  solution  of  nitrate  of 
silver  by  citrate  of  iron.  The  product  thus  obtained  is 
similar  to  the  German  collargol,  introduced  by  Crede.  It 
occurs  in  small  fragments  having  a  metallic  reflection, 
which  is  the  more  brilliant  in  proportion  to  the  extent  to 
which  desiccation  in  vacuo  has  been  carried.  It  contains 
97  per  cent,  of  silver,  together  with  traces  of  iron  and 
citric  acid. 

But  as  the  result  of  researches  undertaken  by  Hauriot 
on  collargol  made  in  Germany  by  the  firm  Heyden,  it 
appears  that  this  product  contains  an  acid,  collargolic 
acid,  and  that  silver  enters  into  the  radical  of  this  acid, 
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which  is  united  to  a  base,  probably  ammonia.  Hence 
collargol  is  not  a  simple  reduction  of  silver  to  the  metallic 
condition,  but  a  collargolate  or  argentate  of  ammonia. 

Colloidal  silver  is,  it  seems,  a  very  active  antiseptic, 
almost  as  energetic  as  perchloride  of  mercury  as  regards 
the  majority  of  the  pathogenic  bacteria ;  this  has  been 
proved  by  Thiele  and  Wolf,  but  it  has  the  great  advantage 
of  being  neither  irritant,  nor  caustic,  nor  toxic  in  the 
quantities  which  are  required  therapeutically.  These 
antiseptic  properties  have  been  made  use  of  both 
externally  and  internally. 

It  was  first  chiefly  used  in  the  form  of  soap  or  oint- 
ment, known  as  Crede's  ointment,  containing  10  per 
cent,  colloidal  silver,  in  the  treatment  of  a  large  number 
of  diseases  and  of  bacterial  infection.  Schirmer,  Wolf- 
ram, Schlossman,  and  Thiele  have  used  it  successfully 
in  furunculosis,  septicaemia,  osteomyelitis,  foetid  bron- 
chitis, erysipelas,  endometritis,  and  cerebro-spinal  menin- 
gitis. In  the  disinfection  and  antisepsis  of  deep  surgical 
wounds,  of  cavities,  of  fistulous  tracts  the  ointment  of 
Crede  may  be  employed  in  the  form  of  ovoids  and 
bougies,  each  containing  from  0  grm.  '05  to  0  grm.  *!  of 
colloidal  silver.  In  otitis,  cystitis,  gonorrhoea,  con- 
junctivitis, and  gonorrhoeal  ophthalmia,  particularly 
of  new-born  infants,  a  1  per  cent,  solution  may  be 
advantageously  used. 

The  solutions  of  colloidal  silver  are  so  slightly  irritant 
and  so  little  toxic  that  they  may  be  used  internally 
without  inducing  disturbance,  either  hypodermically  in 
1  per  cent,  solution  (but  these  injections  are  sometimes 
painful),  or  preferably  by  the  mouth,  as  this  solution 
does  not  irritate  the  mucous  membranes  whether  healthy 
or  inflamed,  and  its  use  has  never  been  followed  by  any 
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untoward  results ;  it  is  well  borne  by  all  patients,  even 
by  children. 

This  mode  of  treatment  has  yielded  very  good  results, 
especially  in  gastro-intestinal  affections  of  childhood, 
chronic  enteritis,  and  intestinal  maladies  generally. 
Klein  gives  the  following  formula  for  the  administration 
of  colloidal  silver : 


Colloidal  silver 

Ogrm. -5—     2  grms, 

Distilled  water 

50     „        -200     „ 

Fresh  white  of  egg  \ 
Neutral  glycerine    J 

aaO    ,,     '5—     2     ,, 

Three  teaspoonfuls  a  day  in  a  glass  of  water  or  milk, 
preferably  taken  half  an  hour  before  meals. 
The  remedy  may  also  be  given  in  pills : 

Colloidal  silver         ...  0  grm.  '5 

Lactose         5     ,, 

Neutral  glycerine  ]  ^^^  .  . 
Distilled  water      )  *" 

To  make  50  pills ;  two  to  be  taken  before  each  meal. 

Netter,  who,  in  France,  has  warmly  supported  the 
internal  administration  of  collargol,  has  made  use  of 
the  remedy  in  a  large  number  of  infections,  and  especially 
in  pneumonia  and  the  pulmonary  complications,  and  even 
the  broncho-pneumonia  of  influenza;  the  results  have 
been  fairly  satisfactory,  but  unfortunately  they  do  not 
appear  to  be  constant,  inasmuch  as  other  observers  have 
not  been  equally  successful.  The  result  seems  to  be  less 
uncertain  in  typhoid  fever  (as  the  observations  of  Klein 
would  indicate),  but  the  observed  facts  are  not  yet 
sufficiently  numerous  for  a  new  and  more  efficacious 
treatment,  based  on  this  method,  to  be  inaugurated. 
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3.  Dekivatives  of  Meecury. 

What  has  been  previously  said  concerning  silver 
(p.  303)  may  here  be  repeated  with  regard  to  mercury. 
But  while  silver  would  seem  to  be  the  specific  in  the  case 
of  gonococcic  infections,  mercury  is,  as  is  well  known, 
the  most  active  and  the  most  certain  agent  against 
syphilis  and  its  different  manifestations.  Among  the 
new  derivatives  of  mercury  we  shall  only  refer  to 
hyrgol. 

Hyrgol  is  colloid  mercury,  that  is  to  say,  mercury  in 
an  allotropic  form  which  renders  it  soluble.  It  is  a 
black,  granular  powder,  insoluble  in  ether  and  alcohol, 
but  soluble  in  water,  forming  a  dark-coloured  solution 
of  neutral  reaction — a  solution  in  which  the  acid  salts  of 
the  heavy  metals  and  the  alkaline  earths  form  an  insoluble 
precipitate  by  the  displacement  of  the  mercury.  Hyrgol 
contains  about  80  per  cent,  of  mercury ;  sometimes  im- 
purities are  contained  in  it,  particularly  salts  of  ammonia 
and  soda. 

This  preparation,  which  was  first  studied  by  Lotter- 
moser  and  later  by  Hoehnel,  Neisser  and  Friedman,  seems 
to  bje  superior,  when  pure,  to  other  derivatives  of  mercury, 
inasmuch  as  it  is  absorbed  more  rapidly  and  more 
certainly,  is  not  irritant  and  is  not  liable  to  cause 
symptoms  of  mercurialism,  salivation,  gingivitis,  gastro- 
intestinal derangement,  &c.  Therefore  it  may  be  of 
great  service  in  the  continued  treatment  of  syphilis  and 
of  its  different  complications.  It  is  made  use  of  in  several 
ways :  first,  as  a  hypodermic  injection,  an  aqueous  1  per 
cent,  solution  being  employed  in  quantities  of  1  to  2  c.c. ; 
but  when  thus  used  it  is  absolutely  indispensable  that 
the  product  be  chemically  pure.     It  may  be  given  in  pills, 
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each  containing  1  centigrm.  of  hyrgol,  one  to  two  of  which 
are  taken  daily  for  a  month.  It  may  also  be  ordered  as 
an  ointment  of  10  per  cent,  strength.  The  method  of 
Friedman,  in  which  this  ointment  is  made  use  of,  con- 
sists in  employing  5  grammes  of  the  ointment  as  an 
inunction  daily  for  six  days ;  on  the  seventh  no  inunction 
is  administered,  but  an  ordinary  full  bath  is  taken,  and 
then  the  treatment  is  recommenced  as  above.  This 
method  lasts  from  four  to  five  weeks,  and  has  always 
given  extremely  satisfactory  results.  The  10  per  cent, 
ointment  is  also  used  for  the  purpose  of  making  plasters 
with  which  ulcerations  and  indurated  glands  are  covered. 
Lastly,  the  drug  may  be  supplied  in  compressed  tablets 
of  1  grm.  each,  which  may  be  used  either  for  mercurial 
baths,  or  for  general  disinfection. 

4.  Derivatives  of  Iodine. 

Iodine  is  remarkable  not  only  for  its  marked  antiseptic 
pow^er,  but  also  for  its  property  of  neutralising  bacterial 
toxins.  Unfortunately  this  substance  is  too  caustic  and 
irritating  to  be  employed  in  adequate  doses,  and  this  is  the 
reason  why  attempts  have  been  made  to  discover  pro- 
ducts, of  which  iodoform  is  the  type,  which  are  capable  of 
slow  decomposition  in  the  organism  and  thus  of  releasing 
iodine,  so  that  the  valuable  properties  of  the  drug  may 
be  available,  yet  ^vithout  danger  arising  from  the  caus- 
ticity of  the  remedy.  But  iodoform,  which  fairly  fulfils 
these  conditions,  has  one  great  drawback — the  extremely 
unpleasant  and  tenacious  smell,  which  is  difficult  to  con- 
ceal ;  several  substitutes  have  recently  been  recommended 
which  are  free  from  this  drawback.  We  propose  to  con- 
sider two  of  the  most  important  of  these  preparations 
from  the  therapeutic  standpoint. 
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A.  Di-iodoform. 

Di-iodoform  has  been  prepared  by  Maquenne  and 
Taine.  It  is  a  yellow  powder,  composed  of  prismatic 
needles,  in  the  cold  and  in  darkness  being  devoid  of 
smell,  but  giving  off  a  slight  odour  of  iodine  when 
exposed  to  light,  which  also  causes  it  to  darken  in  colour. 
Hence  it  is  necessary  to  keep  di-iodoform  in  red  or  yellow 
bottles  and  to  take  care,  during  its  manipulation,  that  it 
is  not  too  long  exposed  to  the  light.  It  is  insoluble  in 
water,  and  but  slightly  soluble  in  alcohol  and  ether,  but 
is  soluble  in  chloroform,  benzine,  and  especially  in  warm 
toluene.  It  is  very  stable,  and  resists  the  action  of  concen- 
trated and  boiling  nitric  acid,  but  it  is  decomposed  by  warm 
alcoholic  potash.  It  melts  at  192° C,  giving  off  fumes; 
when  rapidly  heated  it  resolves  itself  into  its  elements, 
carbon  and  iodine.  When  analysed  it  yields  4' 62  per 
cent,  carbon  and  95*28  per  cent,  iodine,  corresponding 
to  the  formula  C-P.  Thus  it  may  be  regarded  as  the 
result  of  the  union  of  two  molecules  of  iodoform  with  a 
loss  of  hydroiodic  acid,  whence  its  name  di-iodoform : 
C2P  =  2CHP-2HI.  Thus  di-iodoform  is,  of  all  the 
derivatives  of  iodine,  with  the  exception  of  iodoform,  that 
which  contains  the  greatest  quantity  of  iodine,  and  it  is 
to  this  circumstance  that  its  remarkable  antiseptic  pro- 
perties are  due.  Further,  as  iodine  is  given  oft'  very 
slowly,  no  irritation  of  the  tissues  results,  and  symptoms 
of  iodism  occur  far  more  rarely,  and  only  with  larger 
quantities,  than  when  iodine  is  made  use  of.  Lastly, 
far  from  causing  pain  it  seems,  as  shown  by  Mayet,  to 
possess  a  genuine  analgesic  action  in  painful  hysteria, 
in  uterine  anteversion  and  retroversion,  and  in  cervical 
endometritis. 
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The  indications  for  the  employment  of  di-iodoform  are 
the  same  as  in  the  case  of  iodoform ;  but  it  possesses  the 
great  advantage  over  the  latter  of  being  almost  odourless. 
Hallopeau,  Brodier,  and  Eegnauld  have  used  it  success- 
fully in  simple  and  ulcerated  chancre,  in  boils,  carbuncle, 
burns,  and  for  the  antiseptic  treatinent  of  wounds  of  all 
kinds.  It  may  be  dusted  on  to  the  affected  surface,  or  it 
may  be  applied,  as  Bardet  recommends,  upon  a  tampon 
of  absorbent  cotton*  In  gynecological  affections  the 
following  ointment  may  be  used : 


Di-iodoform       

2  grm.  -5 

Hydrochloride  of  cocaine 

0     „     -5 

Olive  oil 

2     „ 

Sterilised  vaseline 

50     ., 

Tampons  to  be  smeared  with  the  ointment  and  applied 
as  directed. 

B.  Traumatol.  * 

Traumatol,  or  iodo-cresine,  prepared  by  A.  Kraus,  is  a 
combination  of  iodine  and  cresylic  acid  which  contains 
54*40  per  cent,  iodine.  It  is  a  violet-coloured  powder, 
insoluble  in  water  and  but  little  soluble  in  alcohol  and 
ether,  with  a  faint  odour,  but  still  weaker  and  less  per- 
sistent than  that  of  iodoform.  Although  containing  less 
iodine  than  the  latter  substance,  traumatol  possesses 
almost  equally  powerful  antiseptic  properties ;  it  is  not 
irritating,  and  does  not  induce  symptoms  of  iodism.  It 
should  be  preferred  to  iodoform,  particularly  in  children's 
practice,  and  may  be  regarded  as  being  of  the  same 
value  as  di-iodoform. 

Perier,  Lyon,  Petit,  Tison,  and  Eeynier  have  used  it 
successfully  in  the  dressing  of  wounds,  whether  of  old 
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standing  or  fresh,  in  varicose  ulcers,  in  soft  and  hard 
chancre,  and  in  discharging  lesions  of  the  skin.  When 
it  is  applied  to  moist  surfaces  its  curative  action  becomes 
manifest.  Laumonier,  who  has  used  it  with  good  results 
in  the  treatment  of  wounds,  has  remarked,  however,  that 
traumatol,  after  a  cure  has  been  effected,  leaves  pigmenta- 
tion of  the  skin  behind  it,  but  a  different  mode  of 
preparation  has  led  to  the  possibilit}^  of  avoiding  this 
drawback. 

Traumatol  is  employed  in  powder  to  sprinkle  over 
wounds ;  the  remedy  may  also  be  incorporated  in  vase- 
line in  the  proportion  of  2*5  per  cent.,  or  in  glycerine 
and  collodion  10  per  cent.  Further,  traumatol  gauze  is 
also  prepared  for  dressing  wounds.  Ladevie,  Tison,  and 
Kaminski  have  praised  the  use  of  iodo-cresine  internally 
in  the  early  stage  of  tuberculosis,  from  10  to  20  centi- 
grammes being  given  p?'o  die  in  pills  ;  these  authors  have 
found  that  the  remedy  is  not  only  well  tolerated,  but  that 
its  use  has  been  followed  by  a  great  diminution  of  the 
expectoration  and  in  the  number  of  bacilli,  and  by  a 
general  improvement  of  health. 


5.    FORMOL   AND   ITS   DeEIVATIVES.^ 

A.  FormoL 

Formol,  formaldehyde,  or  formic  aldehyde  (CH^O), 
although  long  known,  has  only  recently  been  introduced 
into  therapeutics  on  account  of  its  very  remarkable  anti- 
septic properties.     We  are  indebted  to  the  researches  of 


1  It  must  be  observed  that  the  term  formol  is  also  used  as  a 
synonym  for  formalm.  This  is  the  commercial  name  of  a  40  per 
cent,  aqueous  solution  of  formic  aldehyde. 
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Trillat  for  the  ability  to  manufacture  the  preparation. 
Commercial  solutions  of  formol  are  of  40  per  cent,  strength. 
Formol  possesses  a  very  irritating  odour  :  it  is  soluble  in 
water;  it  coagulates  albumin  and  hardens  the  tissues. 
When  the  solution  is  concentrated  formol  undergoes 
polymerisation  and  yields  triformol,  or  trioxymethylene 
(CH-0)^,  which  possesses  the  same  properties,  and  which 
can  be  easily  obtained  as  a  white  powder,  insoluble  in 
cold  water  but  soluble  in  warm  water,  by  allowing  the 
commercial  solution  of  formol  to  evaporate. 

The  experiments  of  Trillat,  Berlioz,  Aronsohn  and 
Schmitt  have  proved  that  formol  is  inhibitory  to  the 
growth  of  pathogenic  bacteria  in  quantity  of  0  grm.  '05 
in  1,000,  so  that  it  stands  almost  on  a  level  with  corrosive 
sublimate.  Unfortunately  its  microbicide  power  seems  to 
be  much  less  marked,  inasmuch  as  Berlioz  and  Schmitt 
have  shown  that  1  in  1,000  solutions  only  kill  pathogenic 
bacteria  in  six  hours,  and  that  the  1  per  cent,  solutions 
require  not  less  than  ten  minutes  for  the  same  pur- 
pose to  be  effected.  But  the  latter  solution  is  too  strong 
to  be  tolerated  by  the  tissues.  The  considerable  dispro- 
portion between  the  disinfecting  power,  the  microbicide 
influence,  and  the  irritating  and  caustic  properties  of 
formol  specially  stamp  this  product  as  very  well  adapted 
for  the  disinfection  of  instruments,  clothing,  &c.,  and 
this  still  more  markedly  as  the  va]30ur  of  formol  is 
extremely  bactericidal  and  its  pressure  allows  of  its 
penetrating  very  rapidly  (two  to  four  hours)  everything 
contained  in  a  dwelling-house. 

According  to  Trillat  and  Berlioz,  Buck  and  Vander- 
linden,  the  toxicity  of  formol  is  0  grm.  '07  per  kilogramme 
in  the  dog  and  0  grm.  '09  in  the  rabbit  when  given 
by   intravenous  injection,    and  0   grm.    '8  when   given 
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Lypodermieally.  The  vapour  of  formol  is  not  toxic 
except  in  large  quantities,  but  its  irritating  action  on 
the  eyes,  nose,  and  throat  prevents  its  use. 

Formol  has  been  employed  in  surgical  practice  and 
recommended  by  Le  Dentu,  Yalude,  and  others.  Winckel 
has  also  treated  vaginitis  and  blennorrhagic  and  catar- 
rhal endometritis  by  vaginal  injections  and  cauterisation 
of  the  cervix  and  of  the  intra-uterine  mucous  mem- 
brane with  water  containing  formol.  As  a  rule  solutions 
of  1  or  2  inl,000  are  used.  It  must,  however,  be  remem- 
bered that,  in  this  strength,  formol  is  inhibitory  to  the 
growth  of  bacteria,  but  not  bactericidal,  and  even  in 
2  per  1,000  watery  solution  formol  is  very  irritating. 

Thus  formol  is  especially  employed  for  disinfection  on  a 
large  scale;  dressings,  compresses,  and  bandages  treated 
with  formol  are  of  great  use,  inasmuch  as  they  are  invari- 
ably sterile ;  and  as  in  cotton  dressings  with  formol  the 
remedy  is  present  as  triformol  (I'o  per  cent.),  becoming 
formic  aldehyde  when  in  contact  with  moist  wounds,  an 
antiseptic  medium  results,  which  is  particularly  favourable 
to  cure.  In  the  disinfection  of  clothing,  bedding,  and  of 
dwellings,  formol  may  advantageously  be  substituted  for 
corrosive  sublimate,  for  it  is  far  less  dangerous  than  the 
latter ;  it  has  but  a  fleeting  odour,  can  be  easily  used, 
leaves  no  trace  of  its  presence,  and  impregnation  is  aided 
by  the  high  pressure  of  the  vapour.  In  a  few  hours 
clothing,  mattresses,  &c.,  can  be  completely  disinfected. 

Berlioz  has  succeeded  in  effecting  the  antisepsis  of  the 
upper  respiratory  passages,  by  enabling  the  patient  to 
breathe  the  much  diluted  vapour  of  formol;  but  treat- 
ment by  pills  of  triformol  has  not  been  successful  in 
tuberculosis,  for  the  remedy  is  too  irritating,  and  has 
never  yet  been  tolerated  b}-  patients. 
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B.  locloformine. 

lodoformine  is  a  derivative  of  formol,  which  may  be 
regarded  as  a  very  useful  substitute  for  the  latter. 

This  substance  contains  80  per  cent,  of  iodine  ;  it  is 
insoluble  in  water,  in  ether  and  cold  alcohol,  slightly 
soluble  in  warm  alcohol,  and  soluble  in  acetone.  When 
heated  to  100°  C.  it  decomposes,  giving  off  iodine  vapour. 

lodoformine  is  a  very  remarkable  antiseptic,  whose 
properties  have  been  investigated  by  Bardet,  Eeynier, 
and  Dignat.  Being  but  slightly  irritating  and  toxic  and 
free  from  disagreeable  odour,  it  may  be  advantageously 
substituted  for  aristol  and  iodoform  in  the  treatment  of 
ulcerations  of  the  mucous  membrane,  of  suppurating, 
and  of  surgical  wounds,  and  of  chancres.  Its  powerful 
antiseptic  action  is  due  to  the  iodine  and  the  formol 
which  iodoformine  gives  off,  but  it  w^ould  further  seem 
to  possess  the  power  of  accelerating  the  cicatrisation  of 
wounds.  This  beneficial  influence  would  appear  to  be 
due,  according  to  Bardet,  to  the  formol,  which  seems 
to  possess  the  property  of  stimulating  the  vitality  of  the 
tissues. 
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Absorption,  2 
Acetopyrin,  289 
Acid,  cacodylic,  47 
Acid,  phosphoric,  42 
Adrenalin,  203 
Albumins,  soluble,  11 
Albumoses,  15 
Alcarnose,  17 
Alexins,  226 

Amoeboism  of  the  neurons,  251 
Analgesics,  257 
Ansesthetics,  257 
AnEesthetics,  local,  264 
Anticancerous  serum,  246 
Anticholeraic  seriim,  243 
Antibodies,  226 
Antidiphtheritic  serum,  234 
Antileprosy  serum,  245 
Antiplague  serum,  242 
Antipneumococcic  serum,  245 
Antipyretics,  273 
Antirabic  serum,  246 
Antirabic  vaccination,  247 
Antirheumatismal  serum,  246 
Antisepsis,  295 
Antiseptics,  295 
Antistaphylococcic  serum,  245 
Antistreptococcic  serum,  240 
Anti syphilitic  serum,  245 
Antitetanic  serum,  231 


Antitoxins,  225,  226,  229 
Antitubercular  serum,  245 
Antityphoid  serum,  244 
Antivenimous  serum,  237 
Argentamine,  304 
Argonin,  303 
Aromatine,  105 
Arrhenal,  57 
Aseptic  method,  297 
Assimilation,  1 
Auto-intoxication,  7 
Autophagy,  6 

Bactericlde  theory,  223 
Balance,  organic,  193 
Behring-Boux,  serum  of,  234 
Bleeding — transfusion,  127 
Blood,  defibrinated,  105 
Blood,  derivatives  of,  108 
Bone  marrow,  213 
Bouillon,  122 
Bouillons,  vegetable,  123 
Burlureaux,  method  of,  153 

Caco'dylates,  47 
Cahnetfe,  serum  of,  238 
Cardine,  215 
Cher 071,  serum  of,  133 
Circulation,  3 
Citrophen,  292 
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Cocaine,  264 
Coefficient,  urotoxic,  164 
CoUargol,  306 
Compensation,  law  of,  277 
Co-ordinations,  organic,  193 
Cough, 140 

Cough,  discipline  of,  141 
Crede,  ointment  of,  307 
Creoso-camphor,  155 
Creosotal,  155 
Creosote,  152 

Discharges,  mineral,  120 
Decoctions,  cereal,  123 
Defence  of  the  organism,  220 
Demineralisation,  115 
Dialytics,  169 
Diathesis,  9 
Digestion,  2 
Di-iodofoiTiL,  311 
Dionin,  257 
Diuresis,  168 
Diuretin,  178 
Diuretics,  168 
Dujardin-Beaumetz  and  Bardet, 

law  of,  256 
Dyscrasia,  acid,  118 
Dyscrasia,  consumptive,  52 

Erhlich,  the  units  of,  235 
Elimination,  urinary,  modifiers 

of,  163 
Emunctories,  5 
Eosote,  155 

Essences,  vegetable,  141 
Eucaines,  264 
Eucalyptol,  147 
Eucalyptus,  147 
Euquinine,  281 
Excito-nervins,  256 
Excitors — respiratory,  139 


Fatigue,  5,  163 
Eerro-somatose,  109 
Eersan,  111 
Fever,  273 

Fever,  functional,  278 
Fever,  nervous,  279 
Fever,  reactional,  277 
Fever,  toxic,  279 
Formol,  313 

GUAIACOL,  156 
Globone,  17 
Grlycerophosphates,  34 
Grlycerophosphates,  acid,  35 
Gomenol,  149 

Hayem,  serum  of,  132 
Hgematogen,  101 
Hsematogen  of  Fortuna,  109 
Hsematopoiesis,  99 
Haementeroclysis,  107 
Haemoglobin,  preparation  of,  108 
Hsemotherapy,  106 
Heroin,  260 
Holocaine,  266 
Huchard,  serum  of,  133 
HuiJe  d'oeuf,  22 
Hydroxylamine,  187 
Hypertension,  182 
Hyperthermia,  273 
Hypnogogues,  257 
Hypoansesthetics,  257 
Hypophysis,  202 
Hypotensive,  185 
Hyrgol,  309 

Immunity,  220 
Immunity,  correlative,  227 
Immunity,    cellular   theory  of, 

227 
Inadequacy  of  aliments,  6 
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Inanition,  6 

Indigestion,  6 

Injections,     intra  -  pulmonary, 

method  of,  160 
Iodine,  derivatives  of,  310 
lodocresine,  312 
Iodoform,  310 
lodoformine,  315 
lodothyrine,  198 
Iron,  glycerophosphate  of,  112 
Iron,  substitutes  for,  112 

Juices,  organic,  190 
Juice,  testicular,  206 
Jiirgensen,  law  of,  277 

Largin,  304 

Law  of  compensation,  277 

Lavage  of  the  blood,  128 

Lecithins,  20 

Levurine,  92 

Linthicum,  method  of,  104 

Liver,  209 

Lungs,  212 

Lutz,  ointment  of,  269 

Mammary  glan^ds,  211 
Maragliano,  serum  of,  245 
Marmorek,  serum  of,  240 
Marrow,  bone,  213 
Martial    (ferruginous)   prepara- 
tions, subcutaneous  injection 
of,  106 
Massage,  186 
Medicinal  ferments,  85 
Medicaments,  waste-preventing, 

52 
Mercury,  derivatives  of,  309 
Mercury,  colloid,  309 
Metatrophic  method,  136 
Methylarsinate,  disodic,  57 


Microbicide  power,  298 
Mineral  medication,  115 
Mineralisation,  115 
Modifiers  of  nutrition,  1 
Molecule,  urinarj^,  166 
Morphia,  derivatives  of,  257 

Nervous  tissue,  214 
Neurons,  249 
Niaouli,  essence  of,  149 
Nirvanin,  266 
Nucleins,  26 
Nuclein,  sodic,  32 
Nuclein,  splenic,  33 
Nucleoses,  30,  32 
Nutritive  troubles,  1 

Old  age,  8 
Opohepatoidine,  210 
Opohypophysine,  202 
Opomastine,  211 
OpomeduUine,  213 
Opopneumine,  213 
Opoprostatine,  211 
Oporenine,  212 
Oposuprarenaline,  203 
Opotherapy,  190 
Opotherapeutic  agents,  196 
Opothymine,  201 
Opothp^oidine,  200 
Orchitic  medication,  206 
Orexine,  84 
Organotherapy,  190 
Orthoform,  268 
Ovaries,  208 
Ovolecithine,  24 

Pain,  250 
Pancreas,  210 
Papaine,  13 
Parathyroid  glands,  197 


320 


INDEX. 


Peptones,  12 

Peronin,  259 

Persodine,  78 

Persulphates,  77 

Pfeiffcr,  phenomenon  of,  224 

Phosote,  155 

Phosphoglycerates,  34 

Piiosplioglycerates,  acid,  35 

Phosphorated  organic  matters, 

17 
Phosphotal,  155 
Piperazine,  172 
Pituitary  body,  202 
Poelil,  physiological  salt  of,  125 
Polypnoea,  thermal,  275 
Polyvalent  serum,  240 
Ponogenes,  5 
Power,  antitoxic,  226 
Power,  immunising,  229 
Power,  infertilising,  298 
Power,  microbicide,  298 
Pressure,  vascular,  182 
Propeptones,  12 
Prostate,  211 
Protargol,  305 
Proteose,  12 

Pulmonary  secretions,  142 
Pulse,  183 
Pjrramidon,  284 

QmifOFOiiMiNE,  176 

Eeactions,  defensive,  220 
Eeactions,  nervous,  249 
Eegulation,  thermic,  274 
Renzi,  serum  of,  134 
Respiration,  138 
Eespiratory  exchanges,  138 
Respiratory  functions,  138 
Respiration,        agents       which 
modify,  139 


Eespiratory  troubles,  138 
Eigor,  276 

Salicylate  of  Methyl,  270 
Secretions,  internal,  191 
Serum  reaction,  131 
Serumtherapy,  220 
Serums,  anti-infectious,  231 
Serums,  antitoxic,  231 
Serums,  artificial,  126 
Serum,  bromide,  134 
Serum,  iodised,  134 
Serum,  muscular,  215 
Sidonal,  174 
Silver,  colloidal,  306 
Silver,  derivatives  of,  303 
Somatose,  16 
Spermine,  169 
Spleen,  206 

Strontium,  salts  of,  179 
Suprarenal  capsule,  202 
Syntonin,  12 

Tension,    vascular,    modifying 

agents  of,  182 
Terebinthine,  derivatives  of,  144 
Terpine,  144 
Terpinol,  144 
Testicle,  206 

Tetranitrate  of  erythrol,  187 
Tetranitrol,  187 
Theobromine,  178 
Thermogenesis,  274 
Thiocol,  158 
Thymus,  201 
Thyro-antitoxin,  198 
Thyi'oid  body,  197 
Tone,  vascular,  182 
Tophosol,  155 
Toxicity,  urinary,  163 
Transfusion,  nervous,  214 
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Tramnatol,  312 
Triformol,  314 
Trinitrine,  186 
Truneceh,  serum  of,  135 


TJlmarets^e,  270 

Ultzmami,  solution  of,  305 
Unit,  antitoxic,  235 
Unit,  antivenomous,  239 
Unit,  toxic,  239 
Urotoxie,  164 


Yaccik-atiox,  246 
Yanadine,  67 

Yanadium,  derivatives  of,  66 
Yariolisation,  246 
Yariolo-vaccine,  246 

Waste,  functional,  4,  5 

YeasT;  91 

Yersin,  serum  of,  242 

ZOMOTHERAPY,  215 


THE    END. 
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